Declassifié_d and Approved For Release 2013/01/22 : CIA-RDP10-02196R0004000§6002-7

. Rus_sian Ofiginé/ Vol. 35, No. 2, Angust, 1973
. S S % February, 1974
‘ SATEAZ 35(2) 705-790 (1973)
. - lv N ) \ .

~ ATOMIC
’ ~'ENERGY

'ATOMHAA 3HEPTMA
(ATOMNAYA ENERGIYA)

 TRANSLATED FROM RUSSIAN

b

CONSULTANTS BUREAU, NEW YORK

A
\

;

Declassified and Approved For Release 2013/01/22 - CIA-RDP10-02196R000400020002-7



Declassified and Approved‘ For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7

SOVIET

ATOMIC

ENERGY

“

Soviet Atomic Energy is abstracted or in-

dexed in App//ed Mechanics Reviews, Chem-

ical Abstracts, Engineering Index, INSPEC—

Physics Abstracts and Electrical and Elec-

tronics - Abstracts, Current Contents, and
Nuclear Sc:ence Abstracts

1

AN
N

-~ ‘ . . l/ 4 N /(

, Sowet Atom/c Energy isa cover -to-cover translation of Atomnaya

Energ/ya a publication of the Academy of Sciences of the USSR..

An arrangement with Mezhdunarodnaya Kniga, the Soviet book

-export,agency, makes available both advance copies of the Rus-.

sian journal and original glossy photographs and artwork. This

serves to decrease the necessary time lag between publlcatlon .

~of the ongmal and pubhcatlon of the translation and helps to im-
prove the quality ofithe Iatter The translatlon began with the first
issue of the Russnan journal A

o

Edltorlal Board of Atomnaya Energ/ya

Editori M. D. Millionshchikov A |

. Deputy Director - N
“ AV Kurchatov Institute of Atomic Energy .
Academy of Sclences of the USSR . S

Moscow. USSR

Associate Editors: N. A. Kolokol' tsov

N. A Vlasov -

A A Bochvar .. ' - ‘ A A Ma:'tvee\"/‘ ‘ r
% - N;A. Dollezhal MG Meshchervakov
V. S.Fusov .. P.N.Palei |

“LN.Golovin . - V.B. Shlevchenko ’

V F. Kalinin o .., .D.L.Simonenko . ’

A K. Krasid - V. I. Smirnov
- Al Leipunskii . A P.Vinogradov

‘ L A. P. Zefirov |

Copyright © 1974 Consultants Bureau, New York, a division of Plenum Pubhshmg

. Corporation, 227 West 17th Street, New York, N.Y. 10011. All rights_reserved.

No article contained herein:may be reproduced for any purpose whatsoever
without permlsslon of the- pubfnshers . .

Consultants Bureau Journals appear about six months after the publication of the

" original Russian issue. For bibliographic accuracy, the English issue published by
Consultants Bureau carries .the same number and date as the original Russian .

from which it was translated. For- example, a Russian igsue- published in Decem- *

“ber will appear-in a Consultants Bureau English translation about the following

Junk, but the translation issue will carry the December date. When ordering any
volume or particular issue of a Consuitants Bureau journal, please specify the
date and, where applicable, the volume and issue numberg of the original Russtan.

4
-

Subscnption S g
$80 per volume (6 Issues) S Single Issue: $30
2 volumes peryear S S'ingle Article: $15

(Add ss for orders outside the United Statee and Canada )

, BUNSUI.TANTS BUREAU, NEW YORK ANI] LONDON

e 207 West 17 Streer . DavisHouse
New York, New York‘ 100N Harlesden, NW10 6SE
. L ) ' "England - o

Al

Published rﬁonthtv. Second-class postage paid at.Jamaica, New York 11431.

Declassmed and Approved For Release 2013/01/22 CIA-RDP10- 02196R000400020002 7

The‘material you will receive will be a translation of that Russian volume or issue.



r

Declassified and Appfoved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7

SOVIET ATOMIC ENERGY

| \ _ ' A translation of Atomnaya Energiya
February, 1974

\ | . .
Volume 35, Number 2 : ' August, 1973

CONTENTS
Engl./Russ.

Determination of Fission Products. in the Water of the First Circuit by Group
Chromatographic Separation — L. N, Moskvin, V. S, Miroshnikov,

V. A. Mel'nikov, G. K. Slutskii, and G. G. Leont'ev, . ... ......... ... ... 705 83
Iterative Synthesis of Solutions of the Neutron Transport Equations — V. V. Khromov,

A, M. Sirotkin, and V. A, ApS€. . . . .. it i ittt et et e e 711 89
Estimate of the Applicability of Theory to the Problem of the Penetration of a Charged ’

Particle through a Layer — A, A, Belyaev and A, I. Krupman. . ... ......... 716 95

New Procedure and Equipment for In-Pile Research on a Set of Physicomechanical
Properties of a Material — Yu. V. Miloserdin, V. M. Baranov,

A. V. Rimashevskii, and Vv, N, Kakurin ., ,. ... N e e 722 101
Testing New Sorbents for the Purification of Liquid Wastes with a Low Level of

Radioactivity — F, V. Rauzenand N. P, Trushkov ... ......... ... .. ..., 727 105
Influence of the Hydration of Amine Salts on the Extraction Equilibrium

~ Yu. G. Frolov, V. V. Sergievskii, and A, P, Zuev .. .. ....... e e 731~ 109
Peculiarities of the Mass Transport of Plutonium Nitrate in Polyvinyl Chloride

Plastic — A, L. Kononov1ch V. N. Klochkov, and D. S. Gol'dshtein . . .. . .. e 740 . 117
ABSTRACTS ) |
Selection of an Optimum Analytic Procedure during Instrument Activation Analysis / .

— A. N, Petrenko and B. Ya. Narkevich .. ... ......... .. .o - 743 121
Effective Resonance Integral for a Widely Spaced Lattice and Fast-Neutron .

Multiplication — A. Ya, Burmistrov and B, P. Kochurov................. S 144 122
An Approximate Method for Predicting the Vertical Migration of Radioactive :

Contaminations in Soils — V. M. Prokhorov and M. V. Ryzhinskii........... 745 123
Dynamics of Fuel in a Pulsed Reactor. Oscﬂlatlons of a Rod with a Shell

= V. Lo Lomidze. . . . .. i i e i e e e et e e e i et e e e 746 123

-Dynamics of Fuel in a Pulsed Reactor. Temperature Shocks in Rods Made from Pellets

— V. Lo Lomidze. . .. ittt it U it e i et e e s e e s e 747 125

LETTERS TO THE EDITOR
Choice of the Optimum Value for the Concentration of the Key Isotope in the Waste
Section of a Cascade Used in Separating Multicomponent Isotope Mixtures

— N. A. Kolokol'tsov, N. I. Laguntsov, and G. A, Sulaberidze ............. 7497 127
X-Ray Diffraction Studies of the Thermal Expansion of Neptunium Dioxide .
"~ — L. V. Sudakov, L I Kapshukov, and V. M. Solntsev ........... PO £51 ¢ 128
Detection of Ionizing Radiation by Means of a Dielectric Liquid in an Electric Field
— A, P. Suslov, V. 8. Zavgorodnii, and G.'N, Patrushev. ................ 753 129

Investigation of the Radioactivity of Dinosaur Bones with a High-Resolution Gamma
Spectrometer — T. Gun-Aazhav, Sh. Gérbish, O. Otgonsurén, Zh. Séréétér,
and D, Chultém ... ...... et e et e et e e e e e e e . 755 130

Declassified and'Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7



Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7

CONTENTS
{continued)
Engl./Russ.
- The Photochemwal Separation of Hydrogen Isotopes Using Deuterium- Vapor Tubes .

— Yu. G. Basov, V. S. Greben'kov, and E. A. Oginskaya. . ... ......... . 758 132
Companson of Two Algorithms for the Emergency Shielding of a Reactor during

Reactivity Disturbances — A. A. Sarkisov and'V. N. Puchkov.............. 761 134
Temporal Statistical Structures of Global Radioactive Fallout on the Ocean ’ _

— K. G, Vinogradava, O, S, Zudin, B, A, Nelepo, and A, G, Trusov....... Ve s 763 136
INFORMATION ’
Scientific Cooperation between Soviet and American Physicists — V, A, Vasil'ev..... 766 139
INFORMATION: CONFERENCES AND CONGRESSES v v
Session of the Scientific Council on Plasma Physics — M. S. Rabinovich, ., . . . ee e : 768 140
Francosoviet Colloquium on Fast-Reactor Technology — A. A, Rineiskii........... 771 142
IAE A International Symposium on the Applications of Nuclear Data in Science and : .

Technology — G. B. Yan'kov .. ... ... ... e e e e e e e e e e e 773 - 143
The International Conference on Photonuclear Reactions and Applications . ‘

— B. S. Dolbilkin, P. V. Sorokin, and B. A. Tulupov . ......... PR 776 145
The Eighth Session of the International Liaison Group on the Thermionic Method of

Electric Power Generation — D. V. Karetnikov. . . . .. oo oo v v s v nnnn.. . 777 145
US National Conference ‘on Engineering Problems of Charged- Partlcle Accelerators '

— V. P. Sarantsev and I. N, Semenyushkin. . ... ............... ee e e 779 146

IN THE INSTITUTES AND LABORATORIES
Experimental Nuclear-Physics Research Facilities in the Scientific-Research Institute
of Nuclear Physics, Electronics, and Automatic Control at Tomsk Polytechmc
Institute — A, N, Didenko . . .. ... ... vinn v, e e 781 147

BOOK REVIEWS
N. G. Gusev, L. R. Kimel!, V. P. Mashkovich, B. G. Pologlkh and A, P. Suvorov.
Protection- against Jonizing Radiations, Vol, I. Physical Principles of the
Protection against Jonizing Radiations — Reviewed by S, G, Tsypin' . ...... e e 787 151°
I. P. Stakhanov, V. P. Pashchenko, A. S. Stepanov, and Yu. K. Gus'kov. ‘
Physical Principles of Thermionic Energy Conversion — Reviewed by
B. A. Ushakov............ e e e e e e e e e e e _ 788 152

The Russian press date (podpisano k pechati) of this issue was 7/ 20/ 1973.
Publication therefore did not occur prior to this date, but must be assumed
to have taken place reasonably socon thereafter

Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7




" Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7

DETERMINATION OF FISSION PRODUCTS IN THE
WATER OF THE FIRST CIRCUIT BY GROUP
CHROMATOGRAPHIC SEPARATION

L. N. Moskvin, V. S. Miroshnikov, : UDC 621.039.534:543.343
V. A, Mel'nikov, G, K. Slutskii, '
and G. G. Leont'ev

One of the several possible ways of simplifying and increasing the sensitivity of radiochemical meth-
ods of monitoring the proportions of fission products in the water of the first circuit of nuclear reactions
is that of chromatographic analysis. However, the choice. of the best conditions for the chromatographic
| separation of such a mixture of elements in one sorbent is a very difficult matter. Moreover successive
' elutriation greatly extends the period of analysis and impedes the determination of isotopes with short
half lives [1]. It is more promising to carry out a chromatographic separation in one medium using dif-
ferent selective sorbents. As medium for this purpose we may use dilute solutions of formic acid, in which
it is easy to stabilize the ionic forms of most of the elements formed during fission [2].

This paper is devoted to studying the conditions of selectively extracting fission products from
aqueous solutions and verifying the applicability of the method so developed to water samples from the
first circuit of the VVR-M research reactor. As possible selective absorbents we used the following ion-
exchange materials and extraction agents: anion exchange AV-17 in the HCOO' form, cation exchanger -
! KU-2 in the H" and NH, forms, ammonium phosphoromolybdate (PMo), di-2-ethylhexylorthophosphoric
acid (D2EHPA), and trioctylamine (TOA). Since the elutriation of the absorbed elements and the prepara-
tion of special sources for measuring the radioactivity would require additional time, and these operations
would introduce additional errors.in determining the chemical yield, we sought to prepare selective ab-
sorbents in such a form as would enable us to carry out chromatographic sorption from large volumes of
solution and quahtitative y -spectrometric analysis at the same time.

Experimental Procedure

The chromatographic column consisted of several tablets of porous Teflon in series; on each of these
the corresponding extraction agent or ion exchanger was deposited (Fig. 1). In order to prepare the tablets,
polymerized Teflon powder was crushed to a loose state, poured into a mold, then subjected to a pressure
of 350 kg/cm? for 5 min, The arrangement of the mold is shown in Fig, 2. The pressed (extruded) molding

was extracted from the die, and the cavity so formed
) . was filled with granulated Teflon having a grain size of
TABLE 1. Results of the Radiochemical 0.25-0.5 mm. The method of producing the granulated

‘ . Analysis of a Model Solution Teflon was described in [3]. The molding was annealed
! » ——— " at 375-380° for 30-40 min. As a result of this annealing
Sorbent Isotopes Absolute activity, HCi: porous Teflon sintered to the sides of the extruded Teflon
\ introduced |determined” molding was formed in the cavity [4]. In order to elimi-
- nate internal stresses, the molding was held for a day
TOA {\1111” ‘bt ﬁg 6 é:%igzg? at room temperature, after which the molding was
AV-17 i . wroos machined on a lathe and tablets of the required diameter
DZEHPA %2144 , 8;%,%8;85 8:39i8:05 and height were produced. The internal volume of the
PM Csl37 1,20+0,14 | 1,060,114 . i
Mo, Bzm 01800105 | 0140 04 tablets .so cre.ated had a porosity Qf up to 60% and a low
. : . hydraulic resistance.

Translated from Atomnaya Energiya, Vol. 35, No. 2, pp. 83-88, August, 1973. Original article sub-
mitted October 17 1972.

© 1974 Consultents Bureau, a division of Plenum Publtshmg Corporation, 227 West 17th Street, New Yark N. Y. 10011,
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permissionfof the publisher. A
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Fig. 1 Fig. 2

Fig. 1. Arra.ngemenf of the chromatographic column with the
tablets: 1) TOA; 2) AV-17; 3) D2EHPA; 4) PMo; 5) KU-2.

Fig. 2. Arrangement of mold: 1) plunger; 2) loose powder; 3)
die. , ‘ o '

The stationary organic phase was introduced into the tablets by successively washing them with the
extraction agent to be employed and an agueous solution. The volume of the retained organic phase-applied
to the tablet was 40% of the volume of the pores in the tablet. In order to impregnate the tablet with the
solid ion exchangers, - a finely-dispersed suspension (1-5 u) of the sorbent in water was passed through -
it under pressure so as to create a flow rate of 50-70 ml/ min-cm?, Filtration of the suspension was re-
peated two or three times until equilibrium saturation of the tablet had been achieved. In order to remove
excess of sorbent the tablet was further washed with water. In order to verify the uniformity of the sorbent
distribution over the height of the tablet the latter was extracted from the column and cut into layers 2-5
mm thick. The volume concentration of the ion exchange distributed in the filler was determined from the
volumetric capacity of individual layers. It was found that the capacity remained almost constant over the
height of the tablet. In a tablet saturated with KU-2 20 mm in height and 11.5 mm in'diameter up to 0.04 g
of resin was deposited. o ‘

In order to find the optimum disposition of the tablets in the chromatographic column, we deter-
mined the static distribution coefficients of I'3!, Sr#®, Bal4% Cel#, Cs'? and Mo® in the system formed
by the 0.1 M HCOOH and the sorbents chosen. On the basis of the resultant data we decided on the foliow-
ing order of disposition of the tablets in the chromatographic column with respect to the direction of flow
of the solution under analysis: 1) TOA for separating iodine and molybdenum; 2) AV-17 for absorbing the
unextracted anionic forms of molybdenum;'3) D2EHPA for absorbing the rare-earth elements; 4) PMo for
the sorption of the heavy alkali metals; 5) KU-2 for extracting the alkaline-earth elements. The relaf;ively
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Fig. 3. Relationship between the distribution coefficients Kp of strontium (1) and
barium (2) in a-0.1 M HCOOH solution in ammonium phosphoromolybdate and the

NH,Cl concentration.

Fig. 4. Relationship between the breakthrough (as a percentage of the content in
the original solution) and the height of the tablets h: O) cesium in PMo. <) cerium
in D2EHPA; () strontium in KU-2. Solutlon velocity 10 ml/mm em?; volume of

solution passed 100 ml,

TABLE 2. Results of the Radiochemical
Analysis of the Water in the First Circuit

“of the VVR-M ,
B Specific
o R | activity
=] «_ | of the
s s |isotope
o £ | 2h from
Sorbe Iso- Half 1if i £ the mo;
orbent | to -Ha i1e - { ment of - -
pes | ‘; 2 ‘taking
20 o, S | the
& § % sample,
[43] o s =
: = Ci/liter
TOA i131 8,14 dags 0,364 | 78,4 [ 1,4.10°6
132 2,3 0,773 | 86 7,4-1077
1233 20,7h - 10,529 | 94,5 | 2,2.1076
1135 6,7h 1,28 34 2,610~
Mo?99 66 h 0, RUTA AR TS 7,5:.1077
D2EHPA | celst | 33,1days {0,145 | 67 |6,0-10-8
Cel43 33 h 0,29 23 5,5.107¢
Lat40 40,2h 1,6 95 4,4.1077
PMo Csl3% | 2,04 years | 0,605 | 98 4,5.1079
) Cs137 30 years 0,662 | 86 1,1.10-8
KU-2 | gpaL 967h 0,748 |27 |7,7.10-¢
' . Sre2 2,7h 1,37 9 2,6-10-6
Ba139 | 82,9 min 0,167 | 23 1,6.1075
Bat#0 | 12,8days [0,537 |25 |[5,2.4077.

*Energy and yield per decay of the v quanta from

~which the acnv1ty of the isotope was calculated.

+For Tc®™

high distribution coefficients of the alkaline-earth ele—
ments in PMo excludes the productionof pure cesium
specimens undér the conditions of separation chosen.

It is well known that the sorption of barium and strontium

. on PMo is weakened if ammonium salts are introduced

into the original solution [5]. The relationship between
the distribution coefficients of Ba? and Sr?? and the
ammonium chloride concentration obtained for PMo com-
bined with porous Teflon (Fig. 3) shows that for an NH,
content of 0.1 M the alkaline-earth elements are not
retained in the PMo; the ammonium chloride has hardly
any effect on the sorption of the other elements to be
separated. It should be noted that formic acid does not
guarantee the stabilization of molybdenum in a single
ionic form, so that its partial passage through the TOA
cannot be excluded.

The extent to which the zone containing trace
amounts of the elements spreads through the layer of
sorbent depends on the granular characteristics of the
latter, the dimensions of the column, and the rate of

- flow of the solution. The use of a finely divided sorbent

creates favorable conditions for absorption at higher
rates of flow, since the rate of establishing equilibrium

- increases with diminishing particle size. The effect
- of the rate of flow of the solution on the breakthrough -~
, was checked for tablets 20 mm high saturated with KU-2

and PMo. 'In the KU-2 tablet, breakthrough started at
rates above 12 ml/min-cm?, while in the PMo tablet
none was detected until reaching 50 ml/ min- cm?,
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Figure 4 shows the relation between the breakthrough and the height of the tablet; this enables us td
make a direct determination of the minimum tablet dimensions required for the quantitative absorption of '
the element under analysis at specified rates of flow, On the basis of the data so presented we established
the volume of solution to be analyzed (100 ml) and the rate of flow (10 ml/ min - cmz) for a tablet height of
20 mm and an internal diameter of 10 mm.
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~ The possibility of separating fission-fragmerit elements was vér,ified for a model aqueous solution »
containing indicator quantities of I3, Mo%, Bal?, Ce!4, Na’?, the activity of the last-named being 100

times greater than that of the other isotopes. Into the original water sample we infroduced formic acid and

ammonium chloride up to a concentration of 0,1 M, passed the resultant solution through the tablet-contain-
ing column, washed itwith a:solution of 0.1 M HCOOH + 0.1 M NH,Cl1 (50 ml)

: , and passed air through to
remove the washing solution. The tablets extracted from the column were hermetically sealed and mea-

sured in a Ge(Li) y-spectrometer using rigorous geometry. Preliminary calibration of the spectrometer
with respect to efficiency was carried out on tablets having a known content of the isotopes under analysis

The results of the y-spectrometric analysis of the individual tablets are presented in Table 1. Only Na®?
was found in the flltrate

The method was tested under practical conditions using water samples from the first circuit of the

water-cooled, water-moderated VVR-M reactor. The analysis was conducted 6 h after taking the samples
The specific activity of the water at the moment of analysis was 104 Ci/liter. Direct v- Spectrometrxc

\ 709
Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7



v

Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7

1dent1flcat10n of the 1sotopes of present interest was impossible since their concentrations in the samples
were not mutually compatible. The results of the analyses are presented in Table 2. The data obtained

in the tablet containing the AV-17 anion exchanger were not processed in view of their extremely low ac-
tivity. The purity of the remaining fractions of the isotopes may be judged from their y-spectra presentéd
-in Figs, 5-8. The analysis lasted 15-20 min from the beginning of separation to measurement. The error
‘in the determination varied according to the energy and 1ntenS1ty of the character1st1c photopeak; it never
exceeded +20% (relative), :

The advantages of the méthod include its use of absorbmg tablets as radiation sources of strictly
specified geometry. As aresult of the uncomphcated apparatus, the simplicity of the separation arrange-
ments, and the use of readily available sorbents, this method may be employed in mass radiochemical
analyses

The authors wish to thank Yu. P. Saikov, V. A. Kochevanov, and L S Orlenkov. most sincerely for
help in this work,
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ITERATIVE SYNTHESIS OF SOLUTIONS OF THE
NEUTRON TRANSPORT EQUA'IIONS

V. V. Khromov, A. M. Sirotkin, = : UDC 539.125.52:621.039.51.12
and V. A, Apsé ’

Methods for synthesizing neutron distributions based on an 1dea by Kantorovich [1] of reducing partial
differential equations to ordinary differential equations were developed in the hope of avoiding the expendi-
ture of large amounts of machine time and overloading the computer memory in solving multidimensional ‘
problems in neutron transport theory. A rather complete summary: of the application of synthesis methods
to various neutron transport problems is given in {2, 3]. In spite of important advantages synthesis meth-
ods have the disadvantage that their accuracy depends on how well intuition and experience suggest to the
investigator an a priori choice of functions from which the neutron distributions in the reactor are syn-
thesized. In addition, synthesis methods require preliminary calculations of these functions. In this sense
the algorithms of synthesis methods given in (2, 3] are open. We discuss below iterative synthesis methods
with closed algorithms,

Iterative Synthesis in the Class of Continuous Functions

We consider the operator form of the reactor equation:
. . . 1 . ’

where L is a differential operator describing neutron transport, absorption, and scattering; Q is an opera-
tor characterizing the secondary neutron sources., Let 0 =x =1 and 0 =y = 1 be the range of the argu-
ments x and y; the neutron flux must vanish on the boundary of this region.

We seek a solutlon of Eq. (1) in the form
N
(D(.:C, y)= 2 7\471Xn @ Y.y, v ‘ (2)

where Xy, (x) and Yp(y) are orthonormal functions which are continuous in the range of the arguments, The
orthogonality and normalization condmons are

{Xm (x) X, (“c)}x = 8m. ns

> (3)
{Ym(y) Y )}y =06m, n.

Here- ‘Sm, n is the Kronecker symbol and the braces denote integration over the range of the variables x and
y. We substitute (2) into (1) and weight the residual, using for simplicity the required functions Xj(x) and
Yn(y) as weighting functions (the Bubnov—Galerkin method). This leads to the equations

gi A [{th‘Yn},, Xn (2)— Kieff{YhQYn}y Xa®)]=0 - (4)
N - N . 1 . ., ‘ . Co : -
2_“_, Ao [{XRLX )2 Yo z;f{XRQXn}x Yauy) | =0. | B @a)

Translated from Atomnaya Energlya Vol. 35, No. 2, pPp- 89- 93 August, 1973. Or1g1na1 artlcle sub-
mitted July 21 1972,
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Fig. 1. Finite-difference mesh for a reactor with a cross-shaped core,

Fig. 2. Scheme for dividing a reactor into subreglons when the variables
‘are separable

We solve /Eqs. 4) and (¢a) subject to the bbundary conditions

Xn(0)=Xn(1)=0; Yo(0)=Y,(1)=0;
n=1,2 ..., N.

()

We consider an iterative method for solving Eqgs. @) and (4a). We choose N linear independent func-
tions Y(O) and construct the operators of Eq. 4). We solve this equation for the functions g(") = A( )X(")
correspondmg to the largest e1genva1ue K(it)f. This gives the first approximation 3 )(x y) for the neutron
flux N :
N

o DD (z, g)= X EP (&) YP (), , . (B
. . n=1 *
where the ¢ 1(10) (X) are not necessarily orthonormal functions, We transform Eq. (6) to the form
R N . N
OV (@, y) = 3 WXL () YR (9), : M
where the X( )(x) and Y( )(y) are sets of orthonormal functions. It can be shown that this transformation is

p0551b1e a.nd the functlons X( )(x) and Y(i)(y) can be expressed in terms of the Y(O) (y) and 5( )(x) by the equa-
tions . -

‘ N
1 .
X2 (2) =T Z an.nB8";
n

(8
Y (y) = 2 @Y1,
where the ay p are the components’ of the orthonormal elgenvectors ap of the Symmetrlc matrix A the
components Al] of which are gwen by A A
”4{§(o> -W)g(‘”(x }x; i,j=1,2, ..., N. (9)

The numbers ()\( ))2 are the eigenvalues of matrix A, Using the va.lues found for the X(l) (x) we construct
_the operators of Eq. (42) and solve it for n,(y) = A4 Yp(y) to find the second apprommahon for the effective
multiplication factor Kgf)f and the neutron flux ®@)(x, y) in the form

(Dm (x y) = 2 X(u x) e (y) ’ ’ (10)
Using the method described above we transform Eq. (10) to the form (2) ete.

As an example of the iterative algorithm described above, we consider a calculation in the one-group
diffusion approximation of a reactor with a cross-shaped core, A schema’ti\c diagram of one quarter of this
reactor is shown in Fig. 1. This method was applied fo the finite-difference analog of the diffusion equation
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TABLE 1. Values of Kg¢f and the Neutron

Flux &; along the Diagonal AB of a Cross- , TABLE 2. Properties of a F1ve Zone Slab
Shaped Reactor . Reactor
Value of ¢; for i equal to Zone ﬁo
Calculation | Kqgf Properties
1 2‘ 3‘4 5.6 I, V II, IV , 111
For N=1 [0,8969 | 1,000[0,796|0,473(0,167]0,052/0,010, BN 1,0 1,0 5,0
For N=2 |0.9996 | 1.000(0,844(0.561/0.110{0,014/0.001 s, 0,5 4,0 © 0,0
Exact 1,0000 | 1,000{0,8470,5580,110}0,014]0,001 “Thickness, cm 0,5 0,14 0,1

with 6 x 6 internal points for a constant pitch h = 1.549. The parameters of core zone'I (D =1, Ec §= 0.5,
veZe = 0.1137) and reflector zone II (D =1, EC £ = 1.5, vgZ§ = 0) were chosen so that Kegp = 1 for the exact
solution of the finite difference analog of the diffusion equation, Table 1 shows the results of the calculation
of this reactor by the method of iterative synthesis for one and two terms in Eq. (2).

As is shown in Table 1, for N =2 the results obtained by iterative synthesis hardly differ from the
exact results. The iterative synthesis method proposed is free of a fault inherent in the method discussed
in [4, 5]: the iterative process used in those papers can become unstable and lead to a linear dependence in
the systems of functions X, (x) and Yn(y). In addition our method permits an estimate of the accuracy of the
solution from the way that the numbers A, vary with n. -

. Iterative Synthesis in the Class of Discontinuous Functions

The iterative synthesis algorithm in the class of discontinuous functions is constructed in the fol-
lowing way. The range of the arguments of the neutron flux distribution function is d1v1ded into a series
of nonoverlapping subregions, Discontinuities in the functions Xnx) and Y, (y) may ocecur at the bonding
surfaces of these subregions. The accuracy of the solution can be improved either by increasing the num-
ber N of terms in series (2) or by increasing the number of subregions for a fixed N,

We discuss two examples of iterative synthesis methods in the class of discontinuous functions,

Iteratlve SyntheS1s when the Variables are Separable, The iterative synthesis algorithm is simplest
when only one term of series (2) is retained in each subregion and the neutron flux is written in the form

O (z, y)=X ()Y (y).

Closed iterative algorithms for the synthesis of the spatial, angular, and energy distributions of
neutrons, based on the separation of variables in the neutron flux function in the various subregions of the
arguments of this function, have been proposed in [6-8].

As an example of the algorithm of the synthesis method in the class of discontinuous functions we
discuss the calculation of the distribution of the flux and importance of the neutrons in a two-dimensional
reactor. We divide the reactor volume V(0 =x =<1, 0 =y =< 1) into zones Vij = A'xiyj V= Z‘E'Vij) by

1]l
the coordinate surfaces x = Xis ¥ =Y i=1,2, ,yj=1,2, » J) in accord with the scheme shown
in Fig. 2. In each zone V we represent the neutron flux &(x, y) a.nd the importance &*(x, y) in the form

@;; (z, .’/)—'Xij(x) ij \.ljl,\v Of {z, y)= X:J @Y5); i=12,..., 141 (11)

i=1,2, ..., T4,

When the variables are separable it is convenient'to derive the equations for the functions Xj; Y1y
X;:» and Y and the continuity conditions at the zone boundaries from a variational formulation of t e
problem, by requiring a certain functional to remain stationary when the functions ¢(x, y) and <I>+(x, y) are
varied. This functional is generally formed by using Lagrangian multlphers to add to the functional de-
termining the Keff of the reactor the conditions for joining the solutions for the neutron flux and importance
at the zone boundaries when the variables are separable. By substituting trial functions in the form (11)
into the functional and requiring it to be stationary when the functions X(x) Y(y), X*(x), and Y*(y) are
varied, we obtain a complete set of equations

i X j———‘Isz j—(Z;]X, TS & j+1~0 (12a)

D - 3 s (12b

: pUYU“Kiff"u.Y!J—llint-i.j—Vqu. ;=05 . )
e
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Fig. 3. Neutron flux distribution in a reactor [9] computed by an exact method
- (O) and by iterative synthesis ( ).

Fig. 4 Angular distribution of neutrons at the center of a slab reactor in
various approximations: — — —) DP; approximation; O) DP, apprommanon (exact);
—) iterative synthesis method.

v

. 1 -, . A+ ‘ .

Xty — g 55X — S X, oy — B, =05 - (29
~ 1 oy - 7
piY s _-K_eﬁ qu “‘1] e i— ’V;']-Yf_*_i_ i=0. . (12d)

Here the operators [, q, 5:, and B %, qt, «t, and g8*) are bilinear functionals of Y and Y*, and the opera-
tors p, r, ﬁ, and v (ﬁ*, rt ﬁ+, and ™ are bilinear functionals of X and X*, ‘where [ and [+ are differential
operators with respect to x, and p and p* with respect to y. The conditions for the joining of the solutions
of Eqs, (12a) and (12¢) at x = x,, and Egs. (12b) and (12d) at y = ¥j alSO\fO].lOW from the requirement that the
functional be stationary, It should be noted that in the variational formulation of Eqs. (12) the choice of the
Lagrangian multipliers in the initial functional is indeterminate [3]. .In the iterative synthesis algorithm
these multipliers are chosen so as to ensure that the operators a, 8 (@*, A% and g, v (™, v*+) describing
the exchange of neutrons between adjacent zones are positive definite. In this way the solutions of Egs. (11)
turn out to be positive.* The iterative process of solving Eqs. (12) results in a sequence of solutions of the
equations of this system. At each step of the iteration the operators of Egs. (12) are recalculated.

Based on the algorithm described above a program called RADAR was written in FORTRAN for a
BESM-6 computer. This program perm1ts the calculation of the neutron flux and importance in a two-di-
mensional reactor in the multigroup diffusion approximation. The main features of the program are the
following: there can be up to 26 energy groups; there can be up to 100 nodes in the finite-difference mesh
for solving Eqs. (12); there can be no more than 36 zones with separable variables,

As an illustration of the method, we consider the previous example of the calculation of the two-di-
mensional reactor referred to in [9]. The effective neutron multiplication factor of this reactor Kegp cal-
culated by the RADAR program turned out to be 1.02, which agrees with the value obtained with the two-
dimensional finite-difference mesh with 40 X 40 nodes. Figure 3 shows the thermal neutron flux distri-
bution at x = 21 em (cf. [9]) obtained by solving the two-dimensional finite-difference equation and by itera-
tive syntheses with 3 x 3 zones with separable variables, In spite of the discontinuities in the neutron flux
obtained by iterative synthesis the integral charactemsucs of the neutron d1str1but10n are calculated with
high accuracy in all reactor zones.

"Calculation of the Spatial — Angular Distribution of Neutrons. We illustrate the method of iterative
synthesis by solving the transport equation in a five-zone slab reactor with the zone properties listed in

* The explicit form of the operators of Eqs. (12) and the method of choosmg the multipliers are discussed
in (8] by calculating a two-dimensional reactor in the diffusion approximation,
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Table 2:
- ’ 1
o y ) - 1 - ’ ’
p e L3O =55 | a0, W), (13)

-1

We divide the range of the angular variable —1 < p < 1 into two subregions -1 < pu< 0and 0 < pu <1
and consider the case when the neutron flux &(x, u) in each reactor zone and in each subregion of k can be
represented by two terms (N = 2) of series (2), where y =p.

The equations of the iterative synthesis method and the joining conditions for the solutions were ob-
tained from the condition that the functional determining the eigenvalue K of the problem remain stationary.
Trial functions for the neutron importance &*(x, ) were chosen in each zone and each subreglon of u in the

form
- Otz p)= XI(2)+ pX5(2)+ YT(p) -2V ().

The equations for the functions X (x), X,(x), Y;(), and Y,(u) and the joining conditions for the functions
X, (x) and X, (x) at the zone boundaries where the trial function has a dlscont1nu1ty were obtained from the
condition that the functional be stationary for variations of the functions X1 x), X2 x), Y1 (u), and Y2+ ).
Solving the equations by the iterative method, we find the spatial distribution of neutrons in the reactor and
the parameter K. We list below the values of K for the five-zone slab reactor:

)

Approximation Value of K
DPy ' 0.9198
DP, : 1.0243
Synthesis _ 1.0203

. Exact. 1.0227 -

Figure 4 shows the angular distribution of the neutron flux at the center of the zone Il for 0 < p =<1
obtained by the synthesis method and by solving Eq. (13) in the DP; and DPy approximations,

Analysis of the results shows that the iterative synthesis method gives high accurvacy in comp'arison
with the DP; approximation and is close to'the DPy method for 200 spatial nodes. The DP, results are taken
as exact, '

In conclusion we note that the iterations of the iterative synthesis method as a rule converge rather
rapidly and agree with the source iterations used to determine Keff. In this way iterative Synthes1s methods
shorten the calculation time by a factor of about five, depending on the kind of problem being solved, and
decrease the load on the computer memory in comparison with finite-difference methods of solving multi-
dimensional problems. '
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ESTIMATE OF THE APPLICABILITY OF THEORY TO
THE PROBLEM OF THE PENETRATION OF A CHARGED
PARTICLE THROUGH A LAYER '

A. A, Belyaev and A, I. Krupman - ~ UDC 539.124.17

Ordinarily the measurable spectral characteristics of the flux of charged particles scattered in a
layer are interpreted and estimated by using distributions obtained along the path of the particle in an in-
finite medium [1-6]. The use of these distributions is proper for sufficiently high energies E and for thick-
nesses t permitting the use of the small-angle approximation in the theory of multiple scattering (2, 4, 7):

10°7 (T +2) > —+>20, (1
where T = E/mc? and X is the mean free path between elastic collisions.

For T.= (.2 and t ~ 1002 the condition for the applicability of the theory is no longer satisfied. There-
fore the physical accuracy of the theory in this range is appropriately estimated by using the Monte Carlo .
method since it can take account of the effect of boundaries, large-angle scattering, and range straggling
in the calculations of angular, radial, and energy distributions of particles which have penetrated the layer.

A calculational scheme was proposed in (8] for simulating individual collisions of a particle with a
scattering center. In contrast with the broadly applicable schemes of the grouping of collisions {9-11], this
scheme does not use the results of multiple scattering theory or the continuous slowing down approximation.

The systematic error in simulating the trajectory of a particle in the individual collisions scheme is
determined solely by the differential interaction cross sections, In order to compare the experimental
data with the results of theoretical calculations we estimate the limits of applicability of the theory in prob-
.lems of electron transport through a layer. We present an algorlthm for the simulation of an electron -
trajectory and discuss the results obtained. ‘

.The Monte Carlo Algorithm

In the energy range under consxderahon the total cross section for the interaction of electrons with
atoms of the scatterer is

0'izo'el“l“o'imzly . . (2)

where o0 is the elastic scattering cross section; ‘Tmel: the 1ne1astlc scattering cross section, is equal
to the sum of the excitation cross section 0 ex and the ionization cross section oj. The elastic scattering
differential cross section do,)/dR, where Q is the solid angle, is taken as the Rutherford cross section
with Moliére screening [2] or with screening obtained from experimental data [12]. The differential ioni-
zation cross section dgj/de is taken as the Mott expression [13]: '

1701 2netEZ 1 : '
de T mot. [F—f— (E—e)? _E(E-—a):l’ : : (3

where € is the loss of energy of the outgoing electron with energy E, € =& < E/2; ¢, is the value of the
average ionization potential I; ¢, m, and v are respectively the charge, mass, and velocity of the electron.

Oinel has been measured in oui' energy range for a number of elements [12, 14]. In the absence of -
experimental data, “the expression for ojpe} obtained from the Thomas—Fermi model [15] can be used.
The value of 0ex is uniquely determined from oipe] and ;. :
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Taking into account that, in collisions with the excitation of atoms, electrons are scattered through
an angle fex whlch is small in comparison with the scattering angles in elastic collisions [16] a.nd lose
energy AEqy « E, it can be assumed in the proposed model that

ex_<ez>1/2’ o ' (4

where (6%) is the mean square scattering angle in collisions with excitation, selected from experimental
data or on the basis of calculations in [15]. :

The value of AEgy is assumed equal to 7

dE ‘
BEex = (—d?)e<ex/ Noex,. ©
~where . .
(42, W22 [ 5 e =3 ®

is the average raj:e of loss to excitation; r = ¢/E; N is the number of atoms per umt volume, The 11m1ts
of applicability of the model in question are discussed below.

Collisions of electrons with atoms of an amorphous scatterer are Statistically independent, the prob-
ability of their occurrence being proportmnal to the path length, Therefore the trajectory of a particle
can be chosen in the following order,

The path length [ between collisions of an electron with atoms is$ chosen from a Poisson distribution
exp (-INoy). The probability that these collisions are elastic is og}/ 0y; the probability that they are in-
elasticis 1 — 0,/ 0. If the collision is elastic a scattering angle is chosen from the distribution (doej
/dQ)/ 0| and the direction of motion of the electron is changed. In an inelastic collision, with probability
Tex/ Tinel the energy of the electron is decreased by AEex and the electron is changed in direction by
(Bex)» or with probab111ty 0i/ 0ipe| the energy loss € is chosen from the distribution (doj/de)/c; and the
corresponding scattering angle 0 (sin ¢ =veE/E) is determined from the kinematics of the scattering pro-
cess. This process is continued until the particle crosses the boundaries of the layer or is absorbed. The
particle is considered absorbed if its energy is less than Ef;;, = 10 keV,

Organization of the Calculatlonal Process-

On the basis of the algorithm formulated a program of individual collisions was written in FORTRAN.
The calculations were performed at the Latvian State University computing center., In various versions
2-5) - 10° tra]ectones were s1mulated

We note that the Monte Carlo method does not furnish the density of the distribution of a random

x

quantity but its integral characteristics: the probability P (0 < £ < x) = s f(t)dt, the moments of the distri-

: ' 2 0 Titl
bution of a random’ quantity (xn) = s' tOf(t)dt, the hlstogram Hxj < £ < Xj4q) = " f(t)dt,etc. In our case,

, , xi ‘

such quantities are the energy loss A in the layer, th_e angle of emergence ¢ with respect to the Z axis,
and the transverse displacemert p of the particle in the XOY plane, The coordinate system is-chosen with
its origin at a point monodirectional source and its Z axis in the direction of incidence of the electron
beam on the scatterer. In certain cases, when accuracy permitted, the spectral characteristics were ob-
tained by differentiating the integral curves P(x). Inthe remaining cases the integral curves and moments
were used for comparison and analysis of the distributions.

The angular, energy, and radial distributions were calculated snnultaneously for the layer and for
a fixed path length equal to the layer thickness (~50 collisions). A correlated calculation permitted an in-
crease in the accuracy of determining the relative changes in similar distributions for the layer and path
length, These changes could be estimated by performing calculations only for normal incidence of the beam.

Analysis of the Stability of the Physical Model

and Its Agreement with Theory

The main approximations of the model relate to the exc1tatlon cross section, We discuss how they
11m1t the range of its applicability.
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Fig. 1. Angular distributions of 62.5-keV electrons for: a) Z
=29; by Z = 79. 1) Goudsmit—Sanderson distribution A(g, s)
-sin 9; 2, 3) the distributions A(9, t)sin ¢ and A(9, s) sin ¢,
respectively, obtained in the individual collision model,
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Fig! 2. Histogram of the angular distributions of 20-
keV electrons, 1) Histogram constructed from experi-
" mental data of [18); 2) calculated histogram [8].

The angulér distribution of multiply scattered electrons is insensitive to the behavior of the scatter-
ing cross section in the range of small angles (<1073 rad) [3], and varies slowly with energy [3, 4]. There-
fore use of the assumption of a constant scattering angle 0oy in excitation and a fixed energy loss AEex is
justified when gy < 1and AEgx/E « 1, Consequently the effect of fluctuatlons of 9ox and AEex on the angu-
lar distribution can be neglected. :

It is clear from Fig. 1 that, within the limits of error of the calculamon the simulated angular dis-
tribution of electrons which have traversed a path length s is in good agreement with the corresponding
Goudsmit —Saunderson distribution calculated by the method gwen in [17].

Figure 2 compares the angular distribution obtained exper1mentally by Cosslett and Thomas [18]
with that calculated by our method, These dlstnbutlons agree within the limits of statistical error.

As regards the energy loss distribution A, the restrictions on the magmtude of the fluctuation of
AEgx becomes important as the foil thickness (path length) decreases, since excitation losses then con-
tribute more to the energy loss spectrum. Since Landau [5] made this same assumption about AEgy we
can use his estimate of the minimum path length Smin for wh1ch the fluctuation of the excitation losses can
be neglected in comparison with the ionization losses

Smin—6.522. &,
v p
where p is the density, g/cm?; and I is the jonization potential, MeV.
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TABLE 1. Moments of the Energy ME- Angular M A, and Radial Mp D1str1but1ons along
a Path s and for the Penetration of Particles’ through a Layer of Thickness t

— t s
e Cu Au e Cu - Au
19 QE) _
g M, M, M i, My M M Myt M ML i, M
1 |0,530% | 0,824| 0,432 |0,403% | 0,770|0,829% |0,472% | 0,730| 0,242 | 0,789 | 0,633 0,290
% 10-2 % 1071 X10-1 | x 1072
© 2 [0,332% | 0,704 0,279 % | 0,434 | 0,634 0,108 X | 0,275 | 0,652 0,862% |0,703x | 0,548| 0,117
x 104 x 10~ [ x 10-3 X101 | x 104 x10-1 | x 104
.3 0,33 x [0,620]0,789x 0,231 x | 0,542 0,185% | 0,346 x | 0,553 0,388 % | 0,830 x | 0,440 0,577 %
% 10-¢ X10-2| %x10-5 X 10=2 | x10-¢ X 1071 | X 1076 x 101
4 10,770 x | 0,555] 0,267 x [ 0,543 % | 0,476} 0,384 {0,915 | 0,506 0,204 % | 0,170 X | 0,400 0,323 %
C X108 X102 | %1077 X1073 | x 1078 X 1071 | X107 X 1071
ok In order to make a proper comparison with the
’, | Landau distribution of energy losses further restric-
sl tions must be introduced: 1) the probability of an energy
= L loss € per unit length of path w(E, &) = w(E,, £), where
S ol E, is the initial energy of the particle; 2) the distri- .
It il bution of ionization energy losses is described by the
:04 classical formula w ~ 1/&2, Symon [6] performed a
' more accurate calculation without employing the first
22 restriction, Our program permits the calculation of
all the energy loss distribution for a fixed path length,
[ , taking account of both restrictions, taking account only
0= 2 3 4 AE, keV of the second, or taking account of neither.
Fig. 3. Integral curves for electrons with E Figure 3 compares the Monte Carlo integral
= 62.5 keV. 1) Curve calculated by Landau {5]; . curves with those of Landau (1) and Symon (2) for a
2) curve calculated by Symon [6]; 3) our curve. path length longer than syin for 62.5-keV electrons.

Within the limits of statistical error our results agree

with the corresponding theoretical curves. Taking
account of the accurate cross Section (3) increases the asymmetry of the distribution (cf. curve 3) in com-
parison with Symon's curve,

An estimate was made of the sensitivity of the angular and energy distributions to the parameters of
the physical model used. To do this the quantities €y, 0gx» characterizing the excitation loss (6), and the
screening parameter 7 in the elastic scattering cross section (1) were varied. Changing oo, and n by an
amount equal to the order of the experimental error (~30%) and changing €, several hundred percent led to
distributions which agreed within the limits of statistical error.

Analysis of the Results

Angular Distributions. Goudsmit and Saunderson [1] obtained angular distributions Agg (s, 6) of
scattered electrons along the path s inan infinite medium. In their method the presence of boundary condi-
tions in general prevents the convolution of angular distributions after n successive collisions and the appli-
cation of their result to the problem of the penetration of a particle through a layer. ‘The effect of bound-
aries can be neglected only for sufficiently th1n layers, when the small-angle approximation is valid, and
for negligible range straggling, . :

Goudsmit and Saunderson prdposed to take account of the spatial distribution of ranges by introducing
the simple correction t' =t/ {(cos 9}, where (cos 8) is the value of cos @ avera.ged over the Agg (s = t, 9)
distribution,

Yakovlev and Girin [19] proposed an algorithm for 'calculating the angular distribution of pé.rticles
by taking into account successively the distribution of ranges in the small-angle approximation.

Considerable mathematical difficulties prévented their taking into account large-angle scattering,
The angular distribution of particles penetrating a layer of thickness t can be written in the form '

A, (5 8= (oG, 0 A, 0)ds, '

t
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Fig. 4. Distribution of energy losses for electrons with E = 62.5 keV
for: a) copper; b) gold. ) fAE, s); ——-) f(AE, t).

" ‘where @(s, t) is the distribution of ranges in the 1ayer A(s, 0) 1s the angular distribution of particles
traversing a path length s and emerging from the layer. This distribution is narrower than the correspond-
ing Agg(s, 6) distribution since A(s, 6) can be obtained by the convolution of the angular distributions in
successive collisions along paths corresponding to particles 1eav1ng the layer, It can be seen from (7) that

. the effect of boundaries is manifested in two competing factors: in the broadening of the Ap(t, 6) distri-
bution in comparison with Ags(s, 6) due to range straggling, and in the narrowing of the distribution as a
consequence of the decrease in the domain of integration in the convolution. This is confirmed by the be-
havior of curve 2 in Fig. 1. The result obtained shows the inadequacy of the correction t! =t/ (cos §) which

- does not take account of the completeness of the correlation between the angular distribution and the thick-
ness of the layer, and uses the value of (cos §) from the Ags(t = s, 9) distribution.

Radial Distribution, In [20] Fermi showed that the radial distribution of electrons is Gaussian in the
small-angle approximation. Table 1 lists the moments of the radial distribution. The nonvanishing of the
third moment of the radial distribution shows that the shape of the distribution in the layer is not Gaussian.

» Spectrum of Energy Losses. For the distribution of energy losses in the layer it is important to take
account only of range straggling

F(A, t)= S FA, sy (s, £ ds, (9

t

where f(A, s) is the distribution of energy losses A along the path s, It was assumed 1n [5, 6] that ¢(s, t)
has the form 4(s — f), and consequently

F(A, D=f(A, s=2). - @"
Yang [21] proposed to take account of the distribution of ranges by introducing the effective thickness
ter=t (1552). | ®
where (6% )¢ is.the mean square angle of scattering at the end of the path s =t, We note that (9) is equiva- . '
lent to the correctlon {t' =t/ (cos 9)).

The results (Fig. 4) show that condition (8') is violated in successively taking into account range
straggling. In this case the asymmetry of the distribution is increased because of the increase in the prob-
ability of large energy losses. The change in shape of the spectrum is illustrated by the values of the
moments listed in Table 1. ’ - '

"CONCLUSIONS

By using our method of simulating an electron trajectory we have investigated the effect of bound-
arles on the Spectral characteristics of electron fluxes penetratmg a layer. The following results have
been obtained: : '

1. It has been shown to be possible to use the Monte Carlo method to estimate physical information
obtainable by using approximate solutions of the kinetic equations in problems of charged particle trans-
port. ) .
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2. An algorithm has been formulated for simulating individual interactions of an electron with a
scattering atom in a simple physmal model which permits an estimate of the effect of boundaries and range '
straggling on the spectral characteristics of fluxes penetrating a layer of material,

3. Taking boundary conditions successively into account appreciably deforms the angular distribu-
tion of electrons penetrating a layer in comparison with the Goudsmit—Saunderson distribution. It is shown
that the small-angle correction is not correct in this case.

4, Calculations of the moments of the radial distribution show that the commonly used assumption of
a Gaussian distribution in the energy range under consideration (20-60 keV) is not realized.

5. Taking account of range straggling in the penetration of a charged particle through a layer deforms
the spectrum of energy losses in comparison with theory [5, 6] as a consequence of the increase in the

"+ fraction of large losses,

All the results obtained, based on a simple physical model, are quite _general and do not involve
further assumptions of the nature of the model.

The authors thank T. I. Ovsyannikov for help with the calcillations..,
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NEW PROCEDURE AND EQUIPMENT FOR IN-PILE
RESEARCH ON A SET OF PHYSICOMECHANICAL
PROPERTIES OF A MATERIAL

Yu. V. Miloserdin,'V. M. Baranov, o UDC 620.179.16:621.039.553
A, V., Rimashevskii, and V, N, Kakurin

Measurements carried out directly in the reactor are of special interest in investigations of the ef-
fects of neutron radiation on the physicomechanical properties of reactor materials, because of the partial
or total disappearance of the effects caused by the radiation after the exposure has been terminated [1, 2].
In most experiments involving the study of effects of neutron flux on materials, however, the properties
of specimens before and after the radiation exposure are compared, in view of thé technical difficulties
attendant upon in-pile measurements. These difficulties can be overcome by resort to the method of ultra-
sonic spectroscopy of materials; the essentials of that method and different means of its implementation
are discussed in {3-7]. The authors reported earlier {8] on the application of this method to an investiga-
tion of the elasticity and internal friction constants in in-pile irradiation. The procedure and the equip- v
ment described below make it possible to make measurémeénts of the constants of elasticity, internal fric-
tion, and long-term static hardness of structural materials and fissionable materials in the core of a
nuclear reactor, The temperature of the specimen is determined by the degree of heating up of the speci-
men when bombarded by radiation. The essence of the method for making the measurements consists in
determining the spectrum of resonance frequencies of forced oscillations of the specimens and calculatmg the
variables to be studied in terms of the characteristics of that spectrum. The resonance frequenmes of the
specimens are then used to find the elastic constants, and the internal friction constants are found from the
width of the resonance peaks, while the shift in one of the resonance frequen_cies in response to indenta-
tion of the specimen by a hard-tipped indentor (Vickers pyramids) gives the hardness of the material.

The principles underlying the measurements are explained in Fig, 1. The specimen of test material
1, in the form of a thin round platelet (diameter ~20 mm, thickness ~3 mm) rests on three supports formed
by sharp-tipped rods 2, 3, and 4. Rods 3 and 4 simultaneously serve as sound conductors transmitting
ultrasonic vibrations, Exc1tat1on of vibrations in the specimen is achieved via the sound conductor 3 with
the aid of the piezoelectric emitter 5, which is positioned outside the reactor core, and the vibrations are
recorded via sound conductor 4 with the aid of a piezoelectric pickup device 6. The generator of high-fre-
quency electrical oscillations 7, the frequency meter 8, the amplifier for electrical signals from the piezo-
electric pickup 9, and the recording instrument (vacuum-tube voltmeter) 10 are kept in a laboratory room
where normal operating conditions are maintained, :

The effect of sound conductors on the results of the measurements has been studied by various
authors [3-8]; it has been shown that errors caused by those conductors can be effectively minimized. Con-
sequently, radiation-induced changes in the material comprising the sound conductors have no effects on
the results of the measurements, and using the system in question it is possible to carry out measurements
sufficiently precise for comparatively minor radiation effects on the specimen to be 1nvest1gated

The resonance frequencies of the Specunen are found from the abrupt rise in the voltmeter readings,
The width of the resonance curve is found by means of several measurements of the amplitude of the os-
cillations near the selected resonant frequency. The rod 1 tipped by the sapphire Vickers pyramid 12 is
lowered to strike the specimen in order to determine the hardness of the specimen, and the change in

Translated from Atomnaya Energiya, Vol. 35 No. 2, pp. 101-104, August 1973 Original article
submitted July 27, 1972; revision submitted Janaury 31, 1973.
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TABLE 1. Coefficients for Calculating the
Parameters of the Specimen Vibrations

-~

e}

¢ h/d K | 'a « B No 14
0,05 | 0,1802 ‘—'0,0234 4,485( 4,349] 0,2124
0.1 0,10 | 0,3314 | —0,0307| 4,472( 3,992| 0,2061
' 0,15 | 0,4459 | —0,0428| 4,457 3,537 0,1978
0,20 | 0,5283 | —0,0601 | 4,435 3,056 0,1890

o ‘ 9
I 10
0,1841 | —0,0225| 4,503] 4,358/ 0,2120 |

0,05
0.2 0,40 1 0,3378 | —0,0297 | 4,495] 3,984 0,2056
' 0,145 | 0,4532 | —0,0414| 4,486} 3,511 01974
0,20

'5357 | —0.0582 | 4.471) 3.015| 0.1882 N
0 O ? Fig. 1. Layout of ex-

perimental arrange-

0,05 | 0,1900 [ —0,0218| 4,520 4,363 | 0,2109 -
0.3 |0,10 | 0,3474 | —0,0288| 4,519 3,967 0,2045 ment.
310015 | 0,464t | —0,0405| 4.516 3,472 8,}323 .

0,20 | 0,5467 | —0,0566 | 4,508 2,354 | 0,1880. : , . .

resonant frequency caused by the indentation of the

0.05 | 01088 | —0 0211 | 4.538] 4.363| 0 2103 . pyramid is recorded. The excitation of the specimen
0.4 | 0:10 | 0,3609 | —0,0283| 4,542 | 3,936 oZzog,s : is brought about by the piezoelectric transducer 13 work-
T 9151 0.4795 1 —0,0398 ) 4,548 34081 5195t ing through the rod 11 and the Vickers pyramid 12.

The procedure developed for calculating the elastic

constants from the resonant frequencies of specimens
shaped as round platelets has been discussed in detail elsewhere [7]. Since the change in the elastic modu-
lus E (or the change in the shear modulus G, which is practically the same) is of interest for in- -pile mea-
surements, it is sufficient to note that the elastic modulus E is proportional to the square of the resonant
frequency f,..o. And hence the values of E and fres are related to the corresponding values of the variables
prior to the irradiation, Ej and fr.qg9, by the formula E/E| = (fres/fresg)?. The internal friction factor Q=1
is determined from the formula Q! = Afy ;/fycg, Where Afy ; is the width of the resonance curve at the
level of the piezoelectric pickup signal, constituting 1/v2 = 0 707 of the maximum signal level when the
instrument is tuned to resonance [91.

The procedure for determlmng hardness calls for a separate discussion, Methods of the theory of
perturbations [10] have been used, showing that the change in the natural frequency of vibration of the
platelet in flexural vibrations caused by contact with the sharp-~tipped rods is expressed by the formula

‘ m —— .
Afres 1 V/Sciw (ri, @) (1)
= = - T
fres  4n2 VN phfeg = (1—62 +1—001 )
E Ey

where Af..q 18 the change in the natural (resonant) frequency; p, o, E are the density, Poisson ratio, and
elastic modulus of the material comprising the specimen; h is the thickness of the specimen; m is the num-
ber of points in contact; Se; is the area of the projection of the surface of the i-th contact onto the flat face
of the test specimen; r;, ¢; are the polar coordinates of the point of contact reckoned from the center of
* the test specimen; gj, Ey; are the Poisson ratio and elastic modulus of the rod material contacting the
test specimen at the i-th point; w(r, ¢) is a function characterizing the distribution of vibrations over the
surface of the platelet; Ny = [ w?dS (where S is the surface of the platelet).

5 .

If the supports are placed near, the nodes of the vibrations, the effect of the supports on the resonant
frequency and on the width of the resonance curve can be negiected [11]. The indentor, on the other hand,
should be driven onto the specimen in an area corresponding to an antinode of the vibrations. Under these
conditions, and recalling that the Vickers hardness HV is related to S¢ by the formula HV = Fsing/ S¢
(where F is the applied load; and 28 is the angle at the apex of the pyramid), there is no difficulty in ob-
taining, from Eq. (1), the formula

_ wi (r, ¢) Fsin B ‘ - 2
HV = — Aot T\ (2
165N 302k jresAfres\ Tt ) ,

The discussion of the distributions of amplitudes of vibrations for different resonant frequencies
attests to the feasibility of using frequencies characterized by the presence of a single nodal circle to de-
termine hardness. That frequency can be calculated on the basis of the formula
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where K is a numerical coefficient; and d is the dlameter of the test spec1men. The function w(r, ¢) ex-
hibits the form

wir, )= [L(o&—)%—AI1 (ﬁv%)]céscp‘, _ (9

where J; and 11 are flI'St order Bessel functions; o and B are coeff101ents a = d/z is the radius of the test
specimen. In the arrangement described for exciting the specimen, cos ¢ =1,. and all of the quantities
figuring in Eq, (2) can be found with the aid of tabular data reflecting the results of calculations of the
parameters A, a, 8, K, and N, on an M-220 computer, using the most exact theory of flexural vibrations
of round plates [7]. The results of calculations of the natural frequencies and of the distribution of the
amplitude of vibration over the surface of the plate agree closely with available experimental data [11]. I
turns out that the distribution is characterized by a smooth maximum at r = 0.4, and by a nodal circle

at r = 0.78a. - This decides the choice of the position for the supports and indentor relative to the center
of the test specimen,

The design of the measuring arrangement implementing the principles outlined was developed ex-
pressly for one of the research channels of the IRT-2000 reactor, with an internal diameter 52 mm, and to
produce maximum neutron flux to 2 -10!3 neutrons/. cm? - sec, -The arrangement is suspended from the bot-
tom of a standard shielding plug positioned in the top of the channel. The electrical conductors are run
through a groove in the plug, and on through the channel flange onto the top platform of the reactor. Before
the measurements are started, the channel is evacuated and then filled with helium. The design of the
capsule and specimen is shown in Fig. 2. The load-carrying part of the structure is the stainless steel
tube.1 extending about 0.5 m in length and fastened to the top mounting flange of the arrangement (not
shown in Fig, 2), which is suspended by a cable from the shielding plug 2 of the channel. Connection with
the molybdenum tube 3, onwhich the measuring assembly is mounted, is made in the'bottom via an adapter
ring (not shown in Fig. 2). The molybdenum sound conductors, 2 mm in di_ametei', are held fast in fluoro-
carbon bushings 5, and the bottom ends .of the sound conductors double as mountings for the test specimen
6. For simplicity, the third support is left out of Fig. 2. This support consists of a rod of the same sort
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as the sound conductors, though of shorter length. The test specimen does not rest directly on this sup-
port, but rather on the junction of a Chromel—Alumel thermocouple the insulating bushing of which is
rigidly hinged to the support. As a result contact is made between the thermocouple and the test speci-
men without the introduction of any additional error into the results of the ultrasonic measurements, Wire
limit stops are fitted onto the sound conductors in the immediate vicinity of the test specimen in order to.
keep the specimen in place and to prevent it from moving about. The length of the tube 3 and of the sound
conductors 4 is about 1.5 m, which is adequate for the TsTs-19 piezoceramic transducers mounted on the
top ends of the sound conductors, when conditions are close to normal. The piezoelectric transducers
are 3 mm in diameter and 20 mm high. Centering bushings 7 in which the molybdenum rod 8 with pyramid
9 press~fitted in an adapter cylinder 10 moves back and forth are set in the tube 3. The rod 8, about 1.5
m in length, has its top part held fast in the steel rod 11, the top of which passes through a solenoid. The
system is raised and lowered by adjusting the current flowing through the solenoid. The voltage is sup-
plied to the piezoelectric emitter 12 via the high-frequency cable 13,

The indentor is moved relative to the test specimen by rotating the gear 14 with the aid of the part

15 set in a notch of tube 3; and shown separately; this facilitates action by the indentor striking the speci-

men at different specified points. The gear-rotating part contains flexible spring-foaded bronze plates 16

and 17, the stems of which are compressed between bolted-down gaskets. When the rod 8 is raised, one of
_the gearteeth falls between the plates and passes between them without rotating, so that the plate 17 is bent,

since the top end of plate 16 exerts comparatively great resistance to bending because of the presence of the

stem. When the rod is lowered, plates 16 and 17 are compressed together, as they lie between two teeth

of the gear 15. Since the bottom end of plate 17 is sufficiently rigid in flexure, the geartooth follows the

bend, thereby rotating the gear and the rod 8. In this way, the indentor moves on a circle 8 mm in diam-

eter through an angle (360/.p)°, where - p =32, i.e., the number of teeth in the gear, as the rod is raised

and lowered, ‘

\

_ The accuracy with which the resonant frequencies are measured on the arrangement described here
is about 0.03% over the entire range of working temperatures (up to 600°C); this has been confirmed by re-
peated measurements and by comparison of the results obtained with published data [12]. Consequently,
changes in elastic modulus can be determined to within ~0.06%. The absolute values of the elastic modulus
are calculated from results of measurements of the resonant frequencies accurate to within ~1%, and of .
the Poisson ratio accurate to within 4%. The accuracy with which internal friction is determined is equal
to the accuracy with which the width of the resonance curve is measured, viz. 7-8%; the accuracy with
which the temperature of the test specimen is determined is +10°C.

Experimental verification of Eq. (2) on a scaled-up model of the arrangement, using specimens of
materials 40 mm in'diameter and 5 mm thick with precisely known properties and dimensions, showed
that the predicted values (based on ultrasonic measurements data) and the experimental data (based on the
dimensions of impressions) differ by not more than 3%. Similar investigations carried out on the facility
described, over the entire range of working temperature (to 600°C), using specimens of M3 copper 20 mm
-in diameter and 3 mm in thickness, led to error values as great as 6%. Analysis of Eq. (2) shows that the
principal components of the error are:

a) the error in the determination of the frequency increment under load Afyeg; when Afpeg = 1-2
kHz, f..q = 50 kHz (the order of magnitude of the variables dealt with in the experiment) and the
accuracy of the determination of the frequency (0.03%) runs from 0.75 to 1.5%, which yields :a
1.5 to 3% contribution to the error; - '

b) the error-in the determination of the elastic constants E and Ey (~1%), which makes a contribu-
* tion of about 4%;

c) the error due to the change in the point of penetration of the indentor relative to the center of the
specimen; this error can be safely neglected for the selected frequency of measurements with
the principal maximum of the distribution of amphtudes of v1brat10ns -

The remaining errors make an insignificant contribution, amounting to about 1% when the specimens
are fabricated with care, Consequently, the maximum error in the hardness determination is 6-8%, which
is in agreement with the above error for copper. The error in the determination of the change in hardness
relative to the initial value depends pr1mar11y on the accuracy with which Afy.eg is measured, and amounts
to 1.5-3%.

725

Declassified and Approved For Release 2013/01/22 : CIA-RDPﬁ0-02196R000400020002-7



Declassified and Approved For Release 2013/01/22 CIA-RDP10- 02196R000400020002 7

Prereactor investigations-are being carried out W1th a view to obtalmng more representatwe data -

on radiation effects on the material in this facility. The arrangement is suspended in a vacuum chamber
made from a fragment of tube about 2 m long with a Nichrome heater in the bottom., Helium evaporated
from a Dewar flask with liquefied gas blown through the tube after the preliminary evacuation. This per-
mits measurements at a temperature of about —200°C. Then the supply of gas is gradually cut off, the tem--
perature rises, the system heating the specimen is switched on as positive temperatures are attained, and

' measurements are carried out at higher temperatures,

A S1m11ar procedure makes it p0551ble to carry out an impressive program of research on the physi-

comechanical properties of reactor mater1als on one fac111ty, usmg spemmens of small dimensions and
simple conflguratlon

]

®» 3 eo

10.

11.

12,
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TESTING NEW SORBENTS FOR THE PURIFICATION OF
LIQUID WASTES WITH A LOW LEVEL OF RADIOACTIVITY

F. V. Rauzen and N, P. Trushkov UDC 621.039.7:66.074.7

A method of purification of liquid wastes with a low level of radioactivity, based on the principle of
complete desalting of the solutions, has been developed and introduced in the Soviet Union. Although solu-
tions can be freed of radioactivity to the currently acceptable concentrations (CAC) with the aid of this
method, it has a number of shortcomings; one of them is the need to reprocess a large volume of regenera-
tion solutions if the content of salts in the initial solutions exceeds 0.5-1 g/ liter.

At the last symposium of the‘Internationai Atomic Energy Agency on the reprocessing of wastes
with a low level of radioactivity (1970), Van de Voorde suggested the replacement of high-molecular syn-
thetic ion-exchange resins by partially sulfurated bitumen and various inorganic sorbents [1].,

In this work we verify the possibility of using partially sulfurated bitumen for the purification of so-
lutions with a low level of radioactivity, A sorbent close in property to that proposed by Van de Voorde was
prepared from brand BN-4 bitumen, The following solutions, simulating the compositions of liquid wastes,
were freed of cesium and strontium radioisotopes on this sulforated bitumen: 1) waters of the Atomic
Center in Mola (with which Van de Voorde worked), containing about 100 mg/liter of salts; 2) solutions
from the Moscow Purification Station (MSO), containing about 0.7 g/ liter; 3) solutions with a large salt
content @p to 2 g/ liter). '

The results obtained are presented in Figs, 1 and 2 and in Table 1. From Fig. 1 itis evident that
the volumes of the solutions described by us and by Van de Voorde were approximately the same. On our
partially sulfurated bitumen there is a more complete purification from cesium and somewhat less com-
plete purification from strontium than on the bitumen prepared by Van de Voorde. From the results pre-
sented in Fig. 2 and in Table 1, it is evident that the capacity of partially sulfurated bitumen is’0.9-1.2
meq/g. The duration of purification of the solution from isotopes of strontium, yttrium, and calcium ions
is the same, while that from cesium isotopes is 10 times lower.

The coefficients of purification of the solutions from radioisotopeé of strontium, yttrium, and cesium
are 100 at the beginning of the filtration cycle, but then drop to 10.

For a final evaluation of the possibility of using partially sulfurated biturnen, we compared its sorp-
tion properties with the synthetic cation-exchange resin KU-2 in the Na-form. The bitumen sorbent can be
used once, after which it should be melted into blocks with an addition of fresh bitumen. The cation-ex-
change resin KU-2 canbe used repeatedly, and solutions of acids are used for desorption, while solutions
of alkali or salts are used to regenerate its properties. It is suggested that the regenerates obtained in
this case be evaporated, and the still residues bitumenized. The comparative volumes of waste products
that can be obtained using partially sulfurated bitumen and the cation-exchange resin KU-2 are presented in
Table 2. It is evident that the use of partially sulfurated bitumen in place of the cation-exchange resin KU-
2 leads to an increase in the volume of wastes, :

5 Comparative data on the purification of solutions on partially sulfurated bitumen and the cation-ex-
change resin KU-2 are cited in Fig. 3. They show that not only a more prolonged, but also a more pro-
found purification of the solution from radioisotopesis achieved on the cation-exchange resin KU-2 than on
partially sulfurated bitumen, Thus, purification using partially sulfurated bitumen does not lead to a re-
duction of the volume of wastes, causes a decrease in the purification of the solutions, and evidently will

not be cheaper than purification on the cation-exchange resin KU-2. ,

Translated from Atomnaya E‘nergiya, Vol. 35, No. 2, pp. 105-108, August, 1973. Original article
submitted July 21, 1972, . ) ‘
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TABLE 1. Duration of Filtration Cycles and Coefficients of Purification of Solutlons on
Partially Sulfurated Bitumen

é Initial solution Filtrate

E concentration activity, activity . coefficient of ECCa,
q;S' s PH meq/liter _ | counts/min- ml Q counts/min- ml purification from  {meq /8

& Z Na | Ca Sr | Cs . ‘St | Cs Sr Cs
1 6,9 — 1,4 2700 700 ‘ 650" 54 17 50 40 0,91
2 7,8 3,6 3,4 4000 — 350 270 — 15 — 1,19
2% 7,8 3,6 3,4 - -850 . 150 — 40 — 21 1,19
3= 7,2 12,7 — 1300 = 2.100 60 — 24 — —
3+ 7,2, 12,7 — — 760 200 — 42 — - 48 -
4 8,1 20,0 1,5 3500 — 625 22 — 160 — 1,15
AN 8,1 20,0 1,5 — | . 1720 - 225 — KA — 42 1,15

Note. The asterisks mark experiments in which filtration of the solution was continued until the coefficient of
purification from isotopes was equal to 10; in other cases it was continued ‘until the 'begmnmg of the appearance
of calcium jons in solution; Q is the amount of solution that passed through 1 g (5 ml) of partially sulfurated
bitumen, EC Ca is the fraction of the exchange capaclty with respect to calcium,

TABLE 2. Volume of Wastes (% of volume of purified water)

e i Purification on the cation-exchange
, Purification on sulfurated bitumen | o oo ot Nt i m form
Investigated solution* volume of [volume of | volume of |volume of [volume of | volume of
; purified liquid bitumen |Purified liquid bitumen
solutionf wastes, % | piocks solutiont wastes, % blocks
Atomic Center at Mola o 130 - 0,77 1 1000 0,5 0,03
Moscow Purification Station - 30 3,3 4.4 180 2,8 0,19
Burial Station at Zagorsk <45 2,2 2,9 330 1,5 0,1

*The solution simulated the composition of sewage at the indicated sites.
“+In column volumes,

30' : ' - ' TABLE 3. Coefficients of Purification of
) ‘ the Solution from Cesium (the solution
contains 2 g/ liter of salts)
=2 Bra.nd of ion-exchange -pH 7. I - 11,7 4 11
'::“ resin
2
E KB-51X2 ! 105 . —
20 KB-51X5 226 260
o KB-51X7 * 260 400
& KB-51X10 — : 302
-2 ~ 5,7 :
IISLCJr—2 7,0 130
KB-2 5,9 40
0 ' Wofatite CN 25 70
Vsoln/ vsorbeng ] . R . .
Fig. 1. Effluent curves of the sorption of . In our report at the conference of member coun-
Sr%, Cs!¥, and Ca’t from waste solu- tries of the Council of Economic Mutual Aid [2] at Dres-
tions on various sulfurated bitumens: _ den in 1967, -it was shown that with increasing sodium-
— — ) results of this work; ) data of ion concentration in solution, the duration of the filtra-
1j. _ tion cycle of purification of solutions from Cs!37 on the

cation-exchange resin KU-2.in the Na-form decreases.
Moreover, the end of the pur1f1cat10n from cesium isotopes far precedes the beginning of the appearance
of calcium ions in the filtrate. Therefore, when the cation-exchange resin KU-2is used in the Na-form
for the purification of salt solutions containing cesium ions, a large volume of wastes is obtained.

In the United States, the phenol—carboxyl cation-exchange resin Duolite CS-100 is used for the re-
moval of cesium radioisotopes from solutions containing 2 g/liter of salt. The soda—carbonate precipita-
tion of calcium and magnesium ions is performed preliminarily. At pH =12 the coefficient of separation
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Fig. 2. Effluent curves and coefficients of purification of solutions on
partially sulfurated bitumen in the Na-form: a) Ca’* 1.5 meq/ liter
(Atomic Center at Mola); b) Ca’* 2.8 meq/liter, Nat 3.6 meq/ liter
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Fig. 3. Effluent curves of the sorption of Sr¥®, Y%, Cs!37 and Ca?* from sewage on
the cation-exchange resin KU-2 {— ——) and suffurated bitumen ( ).

Fig. 4. Effluent curves of the sorption of Cs!3? on the cation-exchange resins
KB-51 x 7 and KU-2.

of sodium and cesium on the ion-exchange resin Duolite CS-100 is 160. We should note that i:his value is
equal to three on the ion-exchange resin Dowex 50, as also on our cation-exchange resin KU-2,

Earlier we tested certain domestic industrial carboxyl resins, for example, KB~4, KB-2, etc. It
was found that on these resins the same purification from cesium in the presence of sodium ions is achieved -
as on the cation-exchange resin KU-2. In searches for sorbent selective for cesium; we tested the phenol
—carboxyl cation-exchange resin KB-51, synthesized and prepared at the Nizhnetagil'sk Laboratory of the
State Scientific-Research Institute of Plastics (NIIPM) [3]. It was established that cesium can be extracted
from solutions with a high sodium-ion concentration with the aid of this sorbent. The initial raw materials
for this cation-exchange resin are salicyclic acid, phenol, and formalin, Resins containing 0.2, 0.5, 0.7,
and 1 ‘mole of phenol per mole of salicyclic acid were produced (these correspond to brands KB-51X2, KB-
51X5, KB-51X7, and KB-41X10), '
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Table 3 presents the coefficients of purificatioﬁ of solutions from cesium isotopes on the carboxyl
resins KB-51; the results obtained on other ion-exchange resins tested previoust are cited for compari-
sén. ‘ '

Figure 4 presents the effluent curves obtained in filtration of solutions of three compositions through -
the cation-exchange resin KB-51X7: 1) the solution contained 10 meq/ liter of sodium chloride, nitrate,
and sulfate and 3 meq/ liter of potassium nitrate, pH = 7 (curve 1); 2) the solution contained just as much of
the sodium salts, but no potassium.iohs, pH = 7 (curve 2); 3) a solution analogous in composition to the
preceding, but pH =11.7 (curve 3). :

The effluent curves obtained are shown in Fig. 4. It is evident that the cesium concentration in soli-
tion is lowered 1000-fold or more, despite the presence of sodium salts. When the pH is raised from 7-8
to 11.7-12, the capacity of the sorbent increases more than fivefold, while in the presence of calcium ions
it is halved. From a comparison of the results of ‘the sorption of cesium on the carboxyl phenol —salicyclic
sorbent and the cation-exchange resin KU-2 in the Na-form (see Fig. 4, curves 2 and 2'), the clear ad-
. vantages in the first case are evident, From a solution with pH = 11,7, the duration:of the filtration cycle
of purification from cesium exceeds 2500 column volumes. The same results were obtained in an analysis
of sewage sent to the Moscow Purification Station. A cesium isotope was introduced into them to an ac-
tivity of the solution equal to 1.1-10-% Ci/liter. Cesium was not detected in the filtrate; consequently, the
coefficient of pur1f1cat1on exceeded 3000-fold. No less than1 m3 of solution can be purified per liter of
sorbent, after which cesium can be desorbed and the sorption properties: of the ion-exchange resin re-
.generated using a solution of sodium hydroxide. The results obtained on the experimental setup show that
if the cation-exchange resin KU in the Na-form, the anion-exchange resin also in salt form, and the car-
boxyl cation-exchange resin KB-51 are set up successively, the water of the Moscow Purification Station
can be freed of all radioisotopes and the volume of the solutions to be evaporated can be reduced to half.
The water sent to the MSO contains only 0.5-0.7 g/liter of salts. In the case of a larger salt content, the
volumes of the solutions to be evaporated can be reduced even more.
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INFLUENCE OF THE HYDRATION OF Al\/fINE SALTS
ON THE EXTRACTION EQUILIBRIUM

Yu. G. Frolov, V. V. Sergievskii, UDC 542.61
and A. P. Zuev

For an understanding of the principles of the extraction of various rare and radioactive elements by
solutions of substituted ammonium bases, detailed investigations of the extraction of acids by solutions
of amines have been conducted [1-8]. Therefore, considerable efforts have been directed to establishing
the cause of the substantial deviations from the ideal observed in amine systems, the nature of which has
not yet been entirely elucidated [9-11].

_ Thus, it has been established in [12] that, in the description of the extraction of sulfuric acid by so-
lutions of tri-n-octylamine (TOA) in benzene, the equilibrium constant of the reaction

nR;Norg+ HaX g = _(RaNH)nXorg"-' . ' . ) v (1

"calculated without taking into account the activity coefficients of the components of the organic phase shows
a substantial dependence on the concentration of TOA sulfate. It has been suggested that this is a conse- .
quence of "polymerization" of the salt, However, measurements of light scattering have shown that TOA
sulfate in benzene is a monomer [13]. Later cryoscopic measurements of the extracts indicate a weak
association of this salt {14, 15], due to the presence of water in the organic phase [15]. Such a lack of cor-
respondence between the results of independent physicochemical measurements and the data on the distri-
bution has also been noted for the extraction of monobasic acids by amines {8, 9, 16].

In the formulation of this work, the authors proceeded on the basis that water coextracted with acids
should have a substantial influence on the activity of saits in the organic phase, This is confirmed by the
increase in the solubility of trilaurylamine (TLA) chloride when water is introduced into the solutions [17].

That water has a substantial influence on the extraction of carboxylic acids was established long ago
(see Lassettre's survey [18]). Subsequent studies [19] confirmed the significance of this effect. The method
that is usually used for a consideration of the role of water in the distribution of carboxylic acids is not ap-
. plicable to the systems investigated in this work. Actually, the stability constants of the hydrates of car-
boxylic acids are usually used in the calculations, but the results of an investigation of the distribution of
water show [5] that in most cases the formation of hydrates of amine salts of constant composition is rela-
tively improbable, Therefore, it seemed advisable to determine the activity of the components in ternary
homogeneous solutions: solvent—amine salt—water. The authors know of no studies devoted to the deter-
mination of the influence of water on thé activity of amine salts. Therefore, in conducting the present work
a method of investigation was developed.

Theoretical Section

Methods of determination of the activity of components of solutions are based on the solution of the
Gibbs —Duhem equation, which for a three-component mixture can be expressed in terms of the activities
of the components:

nyd In ay +ndln ay-+ngd In as = O @

Here and henceforth the subscripts 1-3 pertam to the solvent, extraction reagent, and water, respec- -
~ tively. :

Translated from Atomnaya Energiya, Vol. 35, No. 2, pp. 109 116, August, 1973. Original article
submitted November 22, 1972,
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Considering that the differential of the logarithm of the activity is a complete differential of the com-"
position, ‘this equationis solved for constant n; and n, and variable n;. Such an assumption is valid in the -
cdse when the concentration of the components is expressed in molarities m, Then )

. dlnay . dlna, dlnag _ . ' : 3
my ( s )mimz dmg 1-m, ( Fr )mlmzdmr}— ms ( e )mimz—O . (3)
or’
a1 dl da - B (4)
na; -+ na‘—i—ma dma)dms—O. . :

Integrating Eq. (4) within the limits from 0 to m,, we obtain

+

mz

Ina}=Ina,— 7t n 5L J_Sﬂa_('ﬂ)dms,‘ | G

ul my as

where g; and a;‘ are the activities of the component in the binary and ternary solutions, respectively.

When, as is quite often the case for dilute solutions, the distribution of water in the solution satis-
fies Henry's law,
- a5 = Hm, (6)

where H is Henry's constant, we obtain
~ ! . L . ,
Inaf=lng,— "In il 78 N (7
niy ay m, . .

Considering that the‘degree‘of hydration h = (mg — mg)/ m,, let us write Eq. (7) in the form v

o .m mi ‘ ’ 8
i _mgge s o (8)
a, m, ai my .

where mJ is the solubility of water in the pure solvent.

In the limit, for the solvent—extraction reagent system

af

(9
a,—-]V,ﬂv 1-—‘7;;-
while for the ternary solution ‘
| ' N qme o (10)
1=~ my my : ’
Consequently
lim — T A (11)
my—0 me a1 my ’
_ in this approximation, Eq. (5) takes the form
In2 —p. _ o : (12)

Thus, in the limiting case, ‘the degree of hydration is a quantitative measure of the influence of water
on the change in the activity of the extraction reagent in the transition from its binary solutions to solutions
saturated with water. Sincea,/ az = y where v is the zero activity coefficient, we can write

In 0 == h. : : ' ©(13)

With the aid of the value of the limiting degree of hydration of this extraction reagent, we can con-
vert from activities determinable according to Eq. (5) for the standard state — an infinitely dilute solution
in'a dry solvent — to activities of the comparative standard state — an infinitely dilute solution of the
extraction reagent in a ternary system.

According to Eq. (5), to calculate the activity of the extraction reagent in a ternary solution aé“,- it is
necessary to determine experimentally ay- = f(my), af-=f(my, ms), and a5 = f(my, m,). In this work the first
two dependences were determined .according to the data of cryoscopic measurements; a; = f(m,, m,) was
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found from the dependence of the solubility of water in an organic solution on its absolute activity ayw in
the standard agueous solution. Benzene was used as the solvent, ‘

In these methods of investigation, the first factor of Eq. (5), i.e., B; = loga,, -is found from the solu-
tion of the Gibbs —Duhem equation for a binary solution [20]. The dissociation of the amine salts in benzene
was not considered.

\

For benzene solutions of various salts, the expression for the calculatmn of the second factor of Eq.
(5) takes the form

my

Bz=ﬂlga_1: —0.0085 (9*—6) ' (14)
where ¢* is the decrease in the freezmg point of the ternary benzene solution; ¢ is the decrease in the
freezing point of the salt solution, m,; = 0.

The third factor B; of Eq. (5) was calculated on the basis of the dependence of the solubility of water
mg in salt solutions on ay:

as

m3 ' . :
o 1 my [ dag _ i mg : 15
Bs = 5 553m, § e ( dmg ) dmy = 2,3O3m2_5 o 03 (13)
U

It is easily calculated when the distribution of water obeys Henry's law (6), (7). It is known [21, 22]
that nonlinear dependences of m; on ay are described with the requisite accuracy by the equation

In kas/mg = Ams, _ (16)

where k and A are constants, In this case

___mg(14+A/2my)
By= 2303m, ™ . . ‘ - v (17)

The values of B; are calculated either according to Eq. (17), using the values of A preliminarily deter-

mined by calculation on a digital electronic computer, or by graphical integration of the dependence of mg
/ ag on as.

Thus, the selected combination of methods of investigation permits an easy determination of the
activities of all the components of the ternary solution. Its shortcomings include the impossibility of de-
termining the activities of the components at various temperatures without replacement of the solvent, as .
well as a certain difference in the temperature of cryoscopic and isopiestic measurements, usually equal to
1-2°C,

Experimental Section -

Benzene, grade "for cryoscopy," was used in this work, having been purified by redistillation. TOA
sulfate and TLA'nitrate were prepared according to the method described in {15, 23]). The dependences of
the solubility of water in salt solutions on its activity were determined isopiestically according to the meth-
od described earlier [24, 25]. The freezing point of salt solutions isopiestically saturated with water was
determined according to a Beckman thermometer; the error of the determination was +0.003°C.

Experiments on extraction were conducted in thermostatically controlled (at 6.0 + 0.1°C) separatory
funnels, ‘The acid concentration in the amine phase was determined according to the difference of the initial
and equilibrium concentrations of acid in the aqueous phase. In the case of sulfuric acid, the concentration
was determined by titration with alkali in the presence of phenolphthalein. The nitric acid concentration .
was determined according to the data of the high-frequency electric conductivity of the aqueous phase. It
is known that even at low equilibrium acidities of the aqueous phase, the extraction of nitric acid by amines
is not limited by its formation of a salt, but is accompanied by extraction of the superstoichiometric acid.
In this work, to eliminate this effect we studied the reextraction of nitric acid with double-distilled water
from a solution of TLA nitrate in benzene, produced by dissolving the crystalline salt.

Discussion of Results

In studies conducted previously by the authors [24-28], it was established that, for sufficiently dilute
solutions of extraction reagents, the dependence of the hydration on their concentration is described by
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the equation
Cw = C?,,aw + hiau;Cs, . ' i (18)

where CJ, is the solubility of water in the pure solvent at gy =1ihy = (Cy, g ~ C0 )/ Cg is the degree of
hydration of the extraction reagent when ay, = 1; Cw, 1 is the solubility of water in solution when aw =1; Cg
is the salt concentration, The results cited in Fig. 1 show that the deviations from Eq. (18) increase with
increasing salt concentration. Moreover, the greater the degree of hydration of the salt, the more signifi-
cant the deviations of the distribution of water from Henry's law. We should note that the dependences of
the solubility of water in solutions of TOA sulfate on its activity are similar to those obtained by Roddy and
Coleman at a temperature of 25°C [11].

It is extremely complicated to give an unambiguous interpretation of the causes of the deviation of the
distribution of water from Henry's law, There should be no doubt that, in the case of solutions of TOA sul-
fate, the introduction of water leads to association of the salt [15]; this also follows from the dependence of
the decrease in the freezing point of the solutions on the activity of water (Fig. 2b). This effect for solu-
tions of TLA nitrate is less pronounced; the value of &9 decreases from ~0.135 to ~0,10° in the transition
to more concentrated salt solutions (Fig. 2a). Such an influence of water on the value of A§ is most typical
of the systems studied by the authors (see Fig. 6). The value of A9 = 0.135° is close to the value corre-
sponding to the appearance of "free" water in solution, the concentration of which is usually assumed to
be equal to the solubility of water in pure benzene, mg = 0.025 mole/ kg of benzene, Actually, Ag = ng
=5.1-0.025 = 0.135°, where K is the cryoscopic constant of benzene. However, the decrease in A9 with the
salt concentration at ay, = 1 may be a consequence both of a decrease in the concentration of "freen water
and of an increase in the association of the salt.

From Fig. 3 it is evident that the water dissolved in the organic phase lowers the thermodynamlc ac-
tivity of the extraction reagents, and the influence exerted is greater the higher its solubility in the or-
ganic phase,

Extraction of Acids by Amines. The effective extraction constant of acids by amines

[RsNH)X] | V(RgNH)nX ‘:Ke\ V®RINH)aX . : '(.19)

[BSN]”“H X VRSN YRsN

as noted above, shows a substantial concentration dependence. Until recently, the components of the or-
ganic phase were not considered in calculations of the activity, Some authors believe that the slope of the
curve in logarithmic-coordinates, expressing the dependence of the acid concentration in the organic phase
on the product’[R3N]aHnX,_ gives the average value of the degree of association of the salt at any point [8,

9, 16]. It has been established that in these coordinates, for the extraction of various monobasic acids by
trilaurylamine, the dependences take an "anomalous" form [16): the slope of the curve increases, reaches
an infinite value, but then becomes negative. Such an "anomaly" is manifested to an even greater degree .
in the extraction of sulfuric acid by solutions of tri-n-octylamine (Fig. 4). In this interpretation, the pres-
ence of a vertical asymptote to the curves corresponds to complete aggregation of the sait into a macro-
colloid or the formation of a new phase [9, 16]; however, this is not confirmed by the data of independent
physicochemical ineasurements. In the cited studies, no satisfactory explanation for this phenomenon has

been found.

With such an interpretation, on the basis of the data cited in Fig. 4, it might be concluded that the
presence of vertical asymptotes to the curves correspond to an infinitely large value of the extraction con-
stant. This also does not agree with the experimental data, The incorrect conclusion of a very great as-
sociation of the salt arises because the slope of the curves does not have the physical meaning of degree of
association of the salt or extraction constant ascribed to it (in the coordinates of Fig. 4). The latter are
Specmc quantities and are equal to the products only in the case of linear dependences. The observed shape
of the curves in a plot of log [(RyNH)X] vs log{[RyNlag X} is due to the concentration dependence of the

effective extraction constant, Thus, the explanation of the "a.noma_lous" patterns of extraction of acids by
amines is reduced to the traditional problem of the extraction of acids by amines: the elucidation of the
causes of the substantial increase in the values of Ky¢s with increasing concentration,

The activity coefficients y;, according to Eq. (5), are determined relative to the standard state of
infinitely dilute solutions of the extraction reagents in dry benzene, For the transition to the standard )
state, infinitely dilute solutions in benzene, saturated with water at ay, =1, i.e., corresponding to an ex-
tract of acids by amine solutions, we used function (13) and the values of the degree of hydration at ay, =1,

734

Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7




v

Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7

m, ' ms 5o 9.deg s,deg

02
/_ d 2'0

y N L: 5
g1 ‘

/Z 65
1 .

0 05 ' 10 g, 0 05 '},o 0. o ] 10 Gy 0 97 10 ay
a . ' b a b
Fig. 1 ' : Fig. 2
Fig. 1. Dependence of the solubility of water in solutions of TLA nitrate (a) and TOA sulfate (b)
in benzene on the activity of water at various salt concentrations m, {t =6°C), a: 1) 0.057; 2)
0.120; 3) 0.190; 4) 0.260; 5) 0.565. b: 1) 0.029; 2) 0.059; 3) 0 124; 4) 0.161; 5) 0.364,

Fig. 2. Dependence of the change in the freezing point of solutlons of TLA nitrate (a) and TOA
sulfate (b) in benzene on the act1V1ty of water. Salt concentrat1on.s as in Fig. 1.
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Fig. 3. Influence of water on the thermodynamic activity of TLA nitrate (a) and TOA sulfate.
(b). Salt concentrations as in Fig. 1.

" Fig. 4. Dependence of the total concentration [(R3NH)2SO4]0rg on [RaN]or “H so, for the
extraction of sulfuric acid by aqueous solutions of TOA, according to the data of [12], with
an initial amine concentration: x) 0.1 M; O) 0.247 M; A) 0.5 M.

extrapolated to infinitely dilute salt SOlU.thIlS The results of the calculation of the activity coefficients of
salts in dry benzene solutions and solutions saturated with water are cited in Fig. 5

From the Gibbs —Duhem equation, it follows that the transition to a real four-component organic
phase amine salt—"free" amine —water —solvent should lead to changes in the activity coefficients of the
components, However, at the present time a calculation of the activity coefficients of the components in
such quaternary systems is difficult. Therefore, to calculate the extraction constants we used the values
of v 3 determined for the ternary system. The values of YR,N were assumed equal to the values in their

binary systems in benzene. The average ionic activity coefficients of the acids in aqueous solutions at 6.0
% 0.1°C were obtained by interpolation according to the data c1ted in [29].

It is evident (Tables 1 and 2) that the values of the constants K obtained in this approximation, in
contrast to Kegs, Show a substantially smaller concentration dependence. The quite satisfactory equaliza—
tion of the values of the constants shows that the change in the activity coefficients of the components in
the transition to quaternary solutions is not too large. The result obtained permits us to conclude that the
concentration dependences of the extraction constants noted are explained to a substantial degree by the
influence of water on the activity of amine salts.

735

Declassified and Approved For Release 2013/01/22 . CIA-RDP10-02196R000400020002-7



Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7

TABLE 2. Extraction of Sulfuric Acid by
"~ Benzene Solutions of TOA att = 6°C

TABLE 1. ‘Ex?ractmn of Nitric Acid by M RONH)S0s | RGN a%%%ﬁ X we [Kegr10° | xxtos
Benzene Solutions of TLA att = 6°C _ b

R N 7 ] 0,00045 | 0,0580 0,488 [ 0,9921 2,75 [2,73

TRNNO | MR | NG | vo [Kegp 107 K0 00025 | ol0%ds | 193 |ovenr| 15% |45
: 8,0028 0,0535 5,35 10,976 1,83 | 1,78

- ) _ ,0040 | 0,0507 7,22 | 0,92 2,46 | 2,07
0,011 0,105 0,514 | 0,711} 2,04 | 1,76 0,0095 [ 0,0400 | 13,81 | 0,911 4,31 |3,91
0,022 0,090 0,977 | 0,600 2,50 | 1,81 0,0170 | 0,0255 | 33.90 | 0.814| . 7.73 | 6.30
0,034 0,078 1,245 | 0,495 3,50 | 2,09 0,0210 | 0,0180 |.70,70 | 0,777| 9,49 | 7,13
0,046 0,067 1,530 | 0,401 | 4,48 | 2,17 0,0175 . | 0,0830 7,21 0,800 3,53 | 2,82
0,057 - | 0,056 1,770 | 0.333 5,72 1 2,30 Y .0,0260 .| 0,0640 9,71 | 0,726 6,54 |4,75
0,068 0,045 2,290 ( 0,292 6,60 | 2,33 0,0380 0,0400 | 24,50 | 0,628 9,69 | 6,10
0,081 0,033 3,413 | 0,264 7,20 | 2,29 0,0480 |.0,0220 | 73,50 | 0,555| 13,53 | 7.50
0,105 0,011 -1 9,310 | 0,230| 10,25 | 2,83 0,0560 | 0,0101 | 334,0 | 0,497 16,49 | 8,18
0,417. 0,0022 | 45,782 | 0.216| 11,36 | 2,89 0,0101 0,330 0,285 [ 0,887 3,55 | 3,14
0,226 10,085 | 1,770 | 0,156| 14,90 | 2,81 0.0340 | 0,270 0,623 | 0,666 7.51 |5.01
0,29 0,029 5,286 | 0,126 19,22 } 2,92 0,0590 0,200 1,65 | 0.482| 8,95 |4.32°
0,328 0,0022 | 45,78 | 0,116| 31,84 | 4,32 0,0890 0,130 3,38 |0,355{ 15,62 | 5,53
0,190 |.0,0022 | 45,78 | 0,472| 18,44 | 3,82 0,110 0,0830 7,90 |0,296| 20,24 | 5.94
0,420 0,0023 | 47,80 1 0,401| 38,20 | 4,65 0,122 0,0650 | 41,00 | 0,281 26,20 | 7,35
0,770 0,0023 47,80 | 0,075, 70,05 | 6,30 0,157 0,0050 | 154,00 | 0,192| 40,84 | 7,85
1,200 0,0023 [ 47,80 — 102,44 | — 0,225 0,230 1,40 | 0,148} 30,55 | 4,52
1,600 0,0023 | 47,80 | — .| 136.6 — 0,290 0,110 5,35 0,133 44,80 | 5,96

Let us note that in [30]-the extraction of hydrochloric and hydrobromic acids by trilaurylamines was
described considering the activity coefficients of the salts formed in their binary solutions. On the basis
of the results of this work it was concluded that, "despite the high concentration of water in the organic
phase, the activity coefficients of the salts are not subjected to its influence." This conclusion is not-gen-
eral, since it was based on data for a comparatively small interval of concentrations of TLA salts, in which
their degrees of hydration evidently remain constant,

Interrelationship between the Degree of Hydration and Activity of the Extraction Reagents. The meth-
od of investigation outlined above was used for an experimental verification of Eq. (12) for the example of
benzene solutions of salts of substituted ammonium bases with various anjons, as well as for tri-n-butyi
phosphate (TBP) and di-2-ethylhexylphosphoric acid (D2EHPA), widespread in extraction practice. The
results obtained are cited in Fig. 6, from which it is evident that, for most of the systems studied, Eq.

(12) corresponds with good accuracy to the experimental data. Solutions of TOA sulfate are anexception,
since in this system the deviations of the d1str1but1on of water from Henry's law are most substantial.

Just as we should have expected, the decrease in the activity of water and the concentration of the-
extraction reagents leads to a decrease in the deviations of the experimentally determined values of in (a,
/a3) from the values calculated according to Eq. (12). Thus, Eq. (12), although it was based on an ex-
tremely simplified model, is suitable for the evaluatlon of the 1nfluence of water on the activity of the ex-
tractionreagent inmany systems.

The range of variation of the degree of hydratmn of the extraction reagents studied is rather large.
The maximum decrease in the activity (by thiree orders of maghitude) in the systems studied by the authors
is observed when water is introduced into solutions of tetra-n-octylammonium sulfate. The data cited in
Fig. 6 confirm that, from the thermodynamic viewpoint, the degree of hydration is a quantitative measure
of the influence of water on the change in the activity of the extraction reagent in the transition from binary
solutions of the reagent to moist solutions. Considering this dependence, we can draw a conclusion of prac-
tical 1mportance the influence of water on the extractmn equilibrium is most substantial in those cases
“when the degree of hydration of the extraction reagent depends on its concentration,

Inﬂuen_ce of Water on the Extraction of Salts of Metals. In addition to a study of the causes of the
substantjal deviations from the law of mass action in the extraction of acids by amines, a no less inter-
esting fact is the influence of the degree of substitution at the nitrogen atom of the bases on the extraction
of salts of metals. It is known that, in the extraction from solutions of monobasic acids, the extraction of
metal salts increases from salts of primary amines to salts of quaternary ammonium bases [3]. This
sequence is due to the increase in basicity of the compounds in the indicated series and, as a result, is' due
to an intensification of the chemical affinity of the anions of amine salts for metal ions on account of the
increasing ionic character of the intramolecular bond [31], Together with this, in the case of extraction
from solutions of suifuric acid, an opposite tendency i$ observed: the best extraction reagents, for ex-
ample, for uranyl sulfate, are salts of primary amines [3]. Until recently these patterns, noted by Flett
in the survey report [32] as "curious," had not found a satisfactory explanation.
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v o1 02 45 ma The results of the calculation of the activity of
' ' ] ' sulfates and nitrates of substituted ammonium bases '
in the case of various activities of water are cited in
Fig. 7. It is evident that in solutions saturated with
‘water at ay, = 1, the same sequence of decreasing
activity of the salts is preserved as for anhydrous
\ systems. For sulfates the degree of reduction of
N their activity coefficients under the action of water

x\ ~ is more proncunced.
) Xomm 2

Salts of ammonium bases and monobasic acids
are weakly hydrated, as a result of which their re-
activity series is unchanged in extraction systems.
The degree of hydration of the sulfates and, evidently,
salts of many monobasic acids exceeds the degree of
hydration of the nitrates by an order of magnitude.
Corresponding to the increase in electron-donor
capacity of anjions of the salts, their hydration on substituting a cation increases in the series: secondary,
tertiary, quaternary alkylammonium; this leads to a progressive decrease in the thermodynamic activity

Fig. 5. Influence of water on the activity coeffi-
cients of TLA nitrate (a) and TOA sulfate (b for
dry (1) and moist (2) solutions.

. of the salt, These changes are greater than the increase in the "absolute" reactivity in the same series.:

As aresult, the series of extraction capacity is reversed, and the extraction of elements the complexes
of which are hydrated substantially more weakly decreases from sulfates of primary amines to sulfates of
gquaternary ammonium bases,

On the basis of our investigations, it can also be concluded that water, like alcohols and certain _
protogenic solvents, increases the extraction of acids (see Tables 1 and 2), but has a depressing influence
on the extraction of salts of metals by amine salts.

According to the published data on the hydration of amine salts, the influence of water on their ac-
tivity should increase with increasing proton-donor capacity of their anions. Inthe same sequence we
should expect an increase in the noncorrespondence of the degree of association of the salts determined
from the extraction data, for ‘example, by the method in [33], and from the results of independent physico-
chemical measurements. A characteristic example is the extraction of uranyl sulfate by solutions of TOA
sulfate, The first-degree dependence of the distribution coefficients of salts of metals on the TOA sulfate
concentration in logarithmic coordinates served as a basis for assuming the formation of a colloidal solu-
tion in the organic phase [1]. The latter conclusion was not confirmed by an experimental verification, and
up to the present time the causes of such behavior of this extraction system have not been revealed.

3 ’ . o

n —0—2; ) Ln_l.
s 19 G755
L)
. [
501 ) G50+~ .®
.
- 1
i ' K 11 &/
2/5 I~ . . 0,25 = pal
LWL
(4
-8 | S | ! 1 L
0 25 50 7 h 0 025 0,50 075 0 h
a b

Fig. 6. Interrelationship between the values of ln (2;/a5) and h
of various extraction reagents in benzene: 1) (V) dioctylamine
chloride, m, ='0.058; 2) {J) TBP, m, = 0.114-0.810; 3) (4)
TLA nitrate, m, = 0,057-0.810; 4) (.) TOA chloride, m,

= 0.059-0.250; 5) (X) D2EHPA, m, = 0.119-0.692; 6) (¢) TLA
bisulfate, m, = 0.059-0.865; 7) (O) di-n-nonylamine nitrate,

m, = 0.118; 8) (@) tetraoctylammonium nitrate, m, = 0.121;

9) di-n-nonylamine sulfate, m, = 0.121; 10) tetraoctylam-
mohium sulfate m, = 0.119; 11) TOA sulfate, m, = 0. 029— :
0.364,
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From Fig. 3b it follows that with increasing activity of water, the difference between the activities
of TOA sulfate in solutions of different concentrations is equalized. Consequently, the small dependence of
the extraction of salts of metals by solutions of TOA sulfate on its concentration is also due to the influence
of water, which decreases the activity coefficients of the salt to a greater degree, the higher its concen--
tration, These dependences should be observed in systems in which the distribution of water deviates sub-
stantially from Henry's law. The deviations from Henry's law may be associated with an increase in the
association of the salt and are considered as an approximation of the thermodynamlc 1nstab111ty of the
organic phase with respect to stratification.

It has been established, for example, that for 0.1 M solutions of TOA chloride, deviations from
Henry's law are observed only for solutions in the least polar solvent — cyclohexane [24]. In the transition
to methyldi-n-octylamine and dimethyldecylamine chlorides, they already appear in more polar solvents
(toluene and nitrobenzene). The influence of methyl substituents on hydration is also analogous for solu-
tions of salts of quaternary ammonium bases [25]. Such patterns are characteristic of the formation of a
second organic phase in the extraction systems. For example, in the extraction of hydrochloric acid by
solutions of TOA, the formation of the second phase is observed in cyclohexane and saturated hydrocarbons
[34]. Consequently, a correlation of the patterns of formation of three-phase extraction systems to the
principles of the deviation of the distribution of water from Henry's law is observed. Inview of this, the
suggestion of the authors of {1] that TOA sulfate forms a colloidal solution had a definite ‘meaning, since,
judging by the substantial deviations of the dlstnbutlon of water from Henry's law (see Fig. 1b), this sys-

‘ tem is close to stratification.

[

Thus, the data of this work show the great, somet1mes decisive 51gn1f1cance of hydration for an un-
derstandlng of certain extraction principles.
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PECULIARITIES OF THE MASS TRANSPORT OF
PLUTONIUM NITRATE IN POLYVINYL CHLORIDE PLASTIC

A. L. Kononovich, V. N. Klochkov, . ' UDC 621.039.341
and D, S, Gol'dshtein - i

In the context of the problem of the decontamination of polymer protective coatings from plutoniund
isotopes, the question of the diffusion of the contaminant into the material is of central importance. In
certain cases the adsorbed phase hinders the removal of the radioactive substance. In this work we
study the diffusion of Pu®® from a solution of its nitrate into polyvmyl chloride plastic (formula 57-40),
which is widely used in atomic technology. :

The process of mass transport in polymers ca.n be described by complex la.ws (1-3], wmch are fre-
quently irreducible to Fick's law. o ‘ :

The purpose of the work was to follow experimentally the developinent of the adsorbed phase with the
passage of time and to construct, insofar as possible, a simplified phenomenological model for the de-
scription of this process. .

N

The method that we used. in the work was to measure the distribution function of the ¢-2active sub- .
stance through the depth of the material, on the basis of the observation of the energy spectrum of o -par-
ticles [4]. Passing through a layer of material, a-particles lose part of their energy., The deeper that the

a-active substance is found, the lower is the average energy of the particles whenthey emerge at the sur-
face., The distribution of the substance through the depth of the material can be calculated accordmg to
the energy spectrum of w-radiation close to the surface. This method allows the distribution function to
be determined with a resolution of 1-2 p close to the surface and of 5 1 at a depth close to the length of the
range of the ¢ -particle in the given material. :

Radioactive contamination caused by solutions of plutonium nitrate was considered. For their prepa-

., ration we used a solution of plutonium nitrate in 2 N nitric acid, contajning no less than 85% plutonium in

the tetravalent state. . '

Before the beginning of the experiments the surface of the samples was thoroughly washed with dis-

tilled water and alcohol to remove possible extraneous contaminants, and then the samples were immersed

in the active solution. Before the measurement, the samples, removed irom the active solution, were
rinsed with cold (no more than 12°C) distilled water and dried. After the end of the measurement, the
samples were again placed in the solution. The time during which the samples were outside the radio-
active solution did not exceed 30 min, i.e., was small in comparison with the total time of contamination.
At the same time, we monitored the constancy of the specific activity of the solutions, :

The results of the investigations showed that samples of plastic expesed for 690 h at a temperature

- of 42°C to solutions containing only the plutonium salt at a concentration of 0.3 uCi/ ml and nitric acid (pH

=0.1 and 2.2) were contaminated only on the surface. No diffusion was detected. The explanation for this
is that a well-dissociating salt is not extracted into nonpolar orgahic compounds from weak solutions of
electrolytes [5, 6]. To create conditions promoting extractlon usually salts, so-called salting-out agents,
are added to the Solutlon ,

In this work, sodium nitrate (7 eq/liter), recommended by Walker [7] and used by him for.the study
of the limits of deactivation of epoxide coatings, was used as the salting-out agent. The nitric acid con-
centration in the contaminating solution was 0.5 N,

Translated from Atomnaya Energ1ya Vol 35, No. 2, pp.-117-119, August 1973. Original art1cle
submitted September 11, 1972..
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TABLE 1. Diffusion Coefficients and Rates ) S . 1
of Displacement of the Beginning of the o Tl —
Count in the Sorption of Plutonium from - ' g
Nitric Acid Solution* o %
9
Temper- Diffusion  |Rate of displace- 2 50
ature, Time,h | coefficient, ment of begm- : '.9.-‘
°c 2 ning of count, g /cm* § 40
] cm®/sec . sec £
120 | 8,3-10-1¢ g0
216 8,3.10714 ©
42 289 8.3.10-1¢ 2
360 8,3-10-14 =
40
.Average value 3,3.10'—14 3,4.10—11
. 0 .
h- 1071, mg/cm2
52 48 | 3,.10-13 : : . P
96 3.5.40-13 Fig. 1. Formation of an ad-
: - — sorbed phase of plutonium at
Average value 3,3.10713 8,4.10710 . the temperature 42°C.-
’ . ' L R ’ ~ .
63 2% 1.3.10-12 . ‘ In the contamination of samples from a solution
70 1,4-10~12 of plutonium nitrate with sodium nitrate, we ‘observed
‘ the formation.of an adsorbed phase. The experiments
Average value 1,3-10712 2,5-10-9 were conducted at temperatures of 42, 52, and 63°C.
The results of measurements obtained for various dura-
*The values of the parameters were selected graph- tions of the process are shown in Fig. 1:
ically,

Beginning at some value of the thickness, the
specific activity of the layers close to the surface. drops.
Th1s is probably due to a change in the properties of the plastic on account of swelling or chemical reaction
with inactive components of the solution, or to a redistribution of the plasticizing additives. Thus, the
process of mass transport is not Fick diffusion with a constant concentration on the surface. Nonetheless,
the process was described using a model which assumes that the transport of activity in the volume of the
plastic occurs according to Fick's law.

This model was brought into agreement with'the expemmental data by the subsequent 1ntroduct10n of
4 correction at the beginning of the depth readmg

In the case of the Fick's-law diffusion of a chemlcally unchanged substa.nce the distribution function
of the sorbate through the depth of the plastw is determined by the expression [8]

p(z)=pyerfc —=— (1) .

V_’

where p, is the concentration of the substance close to the surface; X is the distance, counted perpendicular
to the free surface into the depth of the sample; D is the diffusion coefficient; t is the time;

x

[ —a2
erfcx=1 Vﬂ S dec.

For a preliminary evaluation of the applicability of the model, we considered the experimental de-
pendence of the amount of the sorbed substance on the time, determined by a measurement of the total
amount of the substance according to the x-radiation of Pu?3? [9].. It was shown that the amount of the radio-

active substance is a linear function of t0-5, just as in the case of Fick diffusion in a semunfmlte layer of the
substance,

The distribution functions of plutonium in polyvinyl: chloride plastic (see Fig. 1) are well described by
Eq. (1), if we consider that the origin is not the surface of the material, but some point xg(t).

Table 1 presents the values of the diffusion coefficients and the rate of displacement of the beglnmng
of the count for various moments of time at various temperatures. The origin of the displacement of the
beginning of the count can be explained either by sweating out of a component of the plaStICIZGI‘ in wmch
plutomum has low solubility or by a slow chemical reaction.
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We should mention that the technology of the preparation of polyvinyl chloride plastics (formula 57-
40) provides for the addition of stearin and barium stearate to it, which, being subéequently deposited on
the surface, improve the deactivation properties of the material [10]. It can be considered proveh that in"
such a plastic, when it is contaminated by a solution of plutonium nitrate with a salting-out agent, there is
a penetration of Pu®® into the deep layers of the material, and the process of transfer is described approxi-
mately by Fick's law with some effective diffusion coefficient. The dependence of the diffusion coefficient
on the temperature, within the limits of error, obeys the Arrhenius equation: '
. B
D =Dy BT,
. N .
where T is the temperature, °K; R is the universal gas constant,

_ The corresponding .activation energy E, = 28 + 5 kcal/mole. Such a high value of the activation
energy shows that in the process of migration chemical reactions occur, the nature of which is not yet

clear,

It is well known that the‘rate of displacement of the beginning of the count in the indicated tempera-
‘ture interval is approximately described by an exponential law. It is possible to estimate the activation
energy of the process that is responsible for this phenomenon. Its value is 12-35 keal/mole. This cir-
cumstance also is an indication of the chemical nature of the process. ' :
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ABSTRACTS

SELECTION OF AN OPTIMUM ANALYTIC PROCEDURE
DURING INSTRUMENT ACTIVATION ANALYSIS

A. N, Petrenko and B. Ya. Narkevich UDC 543.53

'

The problem of the selection of an optimum analytic procedure during the instrument activation-
analysis of multicomponent samples is considered. The heart of the problem is the determination of op-
timum time parameters (exposure time t;, delay after exposure t,, and measurement time t,), and the
energy at which the identification of the radioactive isotope of interest is conducted, as well as the flux
density of the activating particles guaranteeing the required accuracy of the analysis.

Criteria for the optimization of the analytic procedures utilized in the practice of activation analysis
are considered; an expression for the criterion allowing one to analyze thoroughly the possibility of select-
ing optimum conditions is presented, The conditions under which limitations put on the counting statistics
are fulfilled, with a slight deformation of the amplitude distribution for the pulses in the photopeak of the
v -line being analyzed caused by the superposition of the amplitude distributions of pulses in the photo-
peaks of background y -lines, are described by the ratio of the analyzed and the background activities:

14 Nc+21vb1 Np,

R= .
Ne Ne

where N, is the number of recorded pulses for an analyzed y-line in its energy range; Np; and Ny, are the
numbers of recorded pulses in the energy range of the analyzed v -line from the background vy -lines satis-
fying the conditions |E — E{| = 2¢ (E) and |E —Ejl < 20 (E), respectively; E, E;j, and Ej are the energies
of the analyzed and the corresponding background v -lines; ¢ (E) is the parameter of the Gaussian distri-
bution characterizing the width of the photopeak.

" It is shown that the criteria for the optimization recommended in [1-3] are particular cases of the
criterion obtained, Great emphasis is laid on the generality of the criterion which ensures that it may be
applied effectively for any values of Ny, Npy, Np,.

It is necessary to establish the extent to which the parameters obtained by calculational methods are
optimum for the actual experimental conditions and the actual initial data, since the calculation is con-
ducted for fully determined values of the nuclear-physical characteristics and the constants for the matrix
elements of a sample, which are known with definite precision or can be varied under the experimental
conditions, To solve this problem, a matrix was constructed such that the characteristics of its elements
would ensure a minimum for the available N, and maxima for Ny; and Ny,. The problem was reduced to
the search

(R)opt— min (max R),
ty, iz, i3 £z

where £ is a set of nuclear-physical characteristics and constants for the matrix elements of the sample.

The time parameters found in this way, guaranteeing R < [®)opt under the conditions of the experi-
ment, should be regarded as the solution to the problem of the selection of an optimum analytic procedure.

The search for R)opt was dccomplished by the method of steepest descent, The algorithm con-
structed for the solution of the problem was realized by a program composed for a BESM— electronic
computer. As an example a-calculation for the selection of an analytic procedure for the instrument

Translated from Atomnaya Energlya Vol. 35, No. 2, pp. 121-125, August, 1973. Original article
submitted February 21, 1972. '
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activation analysis of several elements contained in 1 g of dry mammalian blood using a 14 MeV neutron -
generator is presented, ' o :
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EFFECTIVE RESONANCE INTEGRAL FOR A WIDELY. ‘
SPACED LATTICE AND FAST-NEUTRON MULTIPLICATION

A. Ya. Burmistrov and B. P. Kochurov UDC 539.125.5.173.162.3:539.125.5.162.3

Fast néutx_'ons are not unifbrmly distributed over a cell; the flux is higher in a slug than in the moder-
ator. This is particularly important for a widely spaced lattice with a spectrum different from the Fermi
~ spectrum and necessitates corrections to the resonance integral [1] by means of semiempirical formulas

TABLE 1. The Dépendence of € — 1 on.a,
p, and B for Graphite and Heavy Water
Moderators’ ’ :

erator] o.cm| B

Mod-| . e, cm* _ _
\ - 030 ] T T
20, | 28,3 | 34,6 | 40 ' C o

1,25 0,0444 | 0,0422 | 0,0417 | 0,045 gzl : Y N
C |1,75}1,0 |0,0613 | 0,0575 | 0,0566 |0,0562 ; s
2,5 | . ]0,0847 | 0,0781 | 0,0765 | 0,0758 / P

/ ‘/'/ : ﬁ-f |

S
5

1,25 ~ 10,0385 | 0,381 | 0,0380 |0,0379 -
1,75 | 1,0 | 0,0520 | 0,0514. | 0,0509 | 0,0509 .
2,5 | 0,0702 | 0,685 | 0,0682 |0,0681

o~
=
[

0 0,082 | 0,078 | 0,0783 | 0,0782 -
g 0,0474 | 0,0457 | 0,0454 | 0,0453
1

5 | 0,0258 | 0,0248 | 0,0246 | 0,0246
0,0109 | 0,0105 | 0,0104 | 0,0104

(B Vs1/Vm)ARI, barn

<
3

1,0 10,1007 | 0,0963 { 0,956 [0,0953
4.0 |99 |0,0620,0,0586 | 0,0580 0,0578

D,0 ! 0,25 | 0,0347 | 0,0326 | 0,0322 {0,0321
0,1 | 0,0150 | 0,0140 | 0,0138 | 0,0138

,0 |0,1176 | 0,1106 | 0,1093 | 0,1089 0 - T
'3 | 0.0765 1 0,0705 | 0,0695 10,0601 400 300 7200 600 Vg, om?
g ‘

1

50 | 93, -
~olo 0,0442 | 0,0401 | 0,0395 |0,0392
0 0,0195 | 0,0175 | 0,0172 [0,0171. _ :
Fig. 1. (BVg1/ V,)ARI as a func-
0 |0,1328 | 0,1221 | 0,1202 | 0,1197 tion of the volume of a heavy wa-

1L
6,0 83 0,0915 | 0,0815 } 0,0799 10,0794 . ter cell Vg, the uranium fraction
04

5| 0,0548 | 0,0476 | 0,0465 |0,0461
0,0248 | 0,0211 | 0,0206 | 0,0204 of a slug B8, and the slug radius

pi—..—)B.Cm; —-—) 5 cm; ———)
) 3 cm. .

*a, lattice pitch, cm, » ' 4 cm;

Original article submitted June 28, 1972; abstract submitted April 3, 1973.
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[2]. The fast fission factor &€ for a 0.8 MeV fission threshold (Table 1) and the correction to the resonance
integral ARI in the 10 keV to 0.8 MeV range (Fig. 1) were calculated by-a program based on the solution of
a multigroup system of Peieris integral equations in a multizone cylindrical cell. Assuming identical
spatial and energy distributions of sources due to fast and thermal neutron fissions, the solution is ob-
tained by a single calculation with subsequent source renormalization. The error introduced by this as-
sumption can be removed by an iterated calculation, The fast fission factor £ and the resonance escape
probability ¢ in the 10 keV to 0.8 MeV energy range are written as bilinear functionals of the neutron flux.

The effect of the reflection of neutrons from the moderator into a slug is more important for graphite
than for heavy water (Table 1) because there is a smaller energy loss in scattering in graphite. As the
lattice pitch is decreased there are more straight paths of neutrons from slug to slug and ¢ is increased.
The increase in ARI with cell volume V, is caused by the increase in the nonuniformity of the neutron dis-
tribution over the cell. The value of ARI is approximately one third as large for a graphite moderator as
for heavy water. ‘Replacing the fission spectrum by the delayed neutron spectrum increases the correction:
ARI by a factor of about 2.5. :
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AN APPROXIMATE METHOD FOR PREDICTING THE
VERTICAL MIGRATION OF RADIOACTIVE
CONTAMINATIONS IN SOILS

V. M. Prokhorov and M. V. Ryzhinskii ‘ ' UDC 631.43

A simple approximate method for predicting the migration of radioactive isotopes along the profiles
of soils is proposed, assuming that the migration is of a diffusive (or quasidiffusive) character, and that.
the equations of a homogeneous medium are applicable to inhomogeneous media. The unique characteristic’
.of the migration is the apparent diffusion coefficient, which takes on several values (according to the num-
ber of layers of soil with different properties), and which is determined by only one piece of data: the
vertical distribution of the radioisotope. The method is insensitive to the boundary conditions, which al-
lows the actual conditions at the surface of the soil to be reduced to three cases: a single contamination, a
constant concentration of rad101SOtopes and a linearly increasing concentration of radioisotopes. For-
mulas for performing the calculations in these cases are presented, along \mth graphs for practical cal-
culation of the migration,

An analysis is conducted of previously published data for the migration of once-introduced Sr¥ in
eight homogeneous soils and also for migration in 12 inhomogeneous soils of Sr% which reached the Earth
as a result of global fallout. In the case of homogeneous soils, the relative differences between the cal-
culated and actual values of Sr®® content, aVera'ge’d over the layers and sampling periods, varied between
25 and 43% for the various soils. The mean absolute deviations were at most 0.05-0.08 (taking the total
Sr¥ content in the soil profile to be equal to one). In the case of inhomogeneous soils, the average over
sampling periods of the relative deviations ranged between 3.6 and 37%, with a spread of between 15 and .
22% in the deviations when averaged over the layers and sampling periods; in this case the mean absolute
deviations were between 0,02 and 0.07. The method is useful for making approximate estimates of the
temporal redistribution of radioisotopes both in homogeneous soils and in soils the composition of which
varies with depth, : :

Original art1cle subxmtted July 17, 1972; abstract ‘submitted February 8, 1973.
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DYNAMICS OF FUEL IN A PULSED REACTOR
OSCILLATIONS OF A ROD WITH A SHELL

V. L. Lomidze - : ~ UDC 621.039.553.3

In the fast (~100 usec) extraction of heat in the fuel of a.pulsed reactor, the temperature expansion
of the material is counteracted by inertial forces, which are the cause of the oscillations and stresses in
the fuel rods and the support structures [1]. : '

In the paper we investigate the dynamics of a fuel element under conditions characteristic of a pulsed
reactor. The element is a thin fuel rod of length L, suspended in a thin shell of length Lg > L for a fixed
upper end (at x = Lg). The lower end of the rod (x = 0) rests on the bottom of the shell. The heating of the
core follows the law T(x, t), and up to the moment t; of its subjump the motion of the fuel element is de-
scribed by a system of two wave equations, the solution of which has a comparatwely S1mp1e form, if the
function T(x, t) is used in the form

I (3, t):(6a+605in %) TE. - S (1)
Here 6, and 0, are the components of the coefficient of variation of the heat release, when g, + (2/ Ty

=1; and T(t) is the heating averaged over the length of the rod at the moment t. The stresses in the shell
are expressed by the equation

Zer ()~ (),
' (0 <z <AL);
e (_:.s_)...gé ()~ 2080 (_—_7&) (ML <2 < 2ML);

E
(8) =——— A c A [4
" b ada 7 ’ 2084 zs— AL 200,
1 (= ) 5 \_)— = (5 )+

i+’
XT ( Z‘C?‘L ) ) , QAL <z<2Ly),

e

=

+ ’1¥I?v =

- (z—27\.L

Cs

where Eg and v =pgcg/p are the modulus of elast1c1ty and the rigidity of the shell; p (pg) and c(cs) are
the hnear den51ty and the velocity of sound in the rod (shell); Lg/cg > L/c, A =cg/c; o is the coefficient
of linear expansion of the fuel; z = cgt -~ x;

t :
g(t)‘-_'—;éaéoc Ssm—L—tT(t—t)dt’ : : ’ T (3)
3 . . . .

In partic_l'lla'r,r if T(t) = Ty(t/7) on the segmenﬁ [0, 7] and is constant for t = 7, the maximal stresses depend
on the variation in the heat release and the heating time 7 as follows:

, . sin-0
, . ‘ S 8q=6 ,
TABLE 1. Dependence of Stresses og,, in e T . :
. the Shell, the Impulse J, and the Velocity ' o __alok 2 ' ‘ (4)
. m = - )
vy of the Sub]ump of the Rod on the Heating UMY (0<0 = % <1) ;
Tlme 0 i ‘
B ) -F' Y [t} P 1.
0 °sm'2 J, kgf-sec| vy,.cm Y=o o . : - .
kef/m 2,00 .
€ c/ /m C fsec:"Cl oy T - The impuise (kgf sec/ m?) obtamed by the rod for the
} : subjump is
0 1,6-105 | 4,28 1,02 |17,64] 4,20
C 12 13409 349 | 0,83 [14,38] 3,4 . ‘ 1_[_ 6a6+ (1_51“9"‘2’2)] O<0<2): (5
J= aTOE L / (
: - } A+ 1 0>2
2,29 | 0,7-105 | 0,43 0,29 | 5,08]| 1,2t ) 7 &

B Original article submitted August 28, 1972; abstract submitted March 9, 1973.
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Equations (4) and (5) show that the spatial dependence of the temperature only appears for heating times
T< L/c and 7 < 2L/ ¢, respectively. It turns out that o gy depends considerably on the variation in heat
release for very fast heating (T« L/c), whilst the 1mpu1se J is sensitive to the quantity ky only for 7 ~ L

/c..

Table 1 gives data on the calculation of J and osm, and also the speed of the subjump of the rod v;
for a steel shell (Lg = 80 cm; cg = 5-10° cm/sec; Eg =2+ 10% kgf/ m?) and the core from UO, (L =40 cm;

¢ =3-10% cm/sec; E =0.95-101 kgf/ m?; o = 1.4 '10'5 deg-1). The function T(t) was used in the form

(Ty/2)(L —cos (wt/ 7)) 0 st =< 7), which is closer to the actual situation. The variation in the heat reléase
was taken into account by the coefficient ky = 6, + &, = 0.519 + 0.754 = 1.273.
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. DYNAMICS OF FUEL IN A PULSED .REACTOR

TEMPERATURE SHOCKS IN RODS MADE FROM PELLETS

V. L. Lomidze | . UDC 621.039.553.3

We consider the problem of the rapid heating of a thin fuel core of length 1, consisting of a large

" number of elastic pellets, We investigate the effect of the dynamics of pellets that dlsmtegrate as a result

of the temperature shock on the kinetics of the pulsed reactor.

A rapidly heated column of pellets, up to the beginning of its d1smtegrat10n into its components,
can be assumed to be an entirely elastic rod, since during this time it undergoes only compressive stresses
(owing to the inertia of the material to temperature expansion), A pellet with coordinate x breaks off, with
velocity v; (x), from the part of the rod that has not yet disintegrated at the moment t; jx), when the com-
pressive stresses at this point vanish, We can show that if, in the region of contmu.lty of t; (x) the follow-
ing condition is satisfied: -

c‘dt]—(z)- <1; 0Lz, V . ‘ . (1)

dx

i.e., the velocity of sound c'in the material of the core nowhere exceeds the velocity of its disintegration,
then in order to find the distributions t;(x) and vj(x) it is sufficient to use the solution of the problem on the
stresses o (x, t) over the entire rod. If the column of pellets, initially at rest on the rigid base, is heated
according to a stepwise linear law (i.e., T, t) = Tot/7) for 0 < t < 7 and T(x, t) = Ty = const for t > 7),
condition (1) is satisfied everywhere in the indicated region and the distribution of the velocities of the
pellets along the length of the rod takes the form

2Ty =, Uz
) 07 TS 2l 2L C
PR oo (z, 8) - ¢ ST (2)
vj(z)=~p— (" T_dt" acTy, ) <x»<{L . -
U
: 2L
L 2l —, 0Lz Ly T,

where p is the density of the fuel; o is the coefficient of linear expansion; and T, is the heating for time 7.

. Taking account of the spatial dependence of the temperature characteristic for reactors, the form
of vj(x) proves to be more complicated. Furthermore, in some region smaller than [0, L], the function

Original article submitted August 28, 1972; abstract submitted March 9, 1973.
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v;(x) is found approximately, since, for nonuniform heat release, condition (1) isisa.tisfied not everywhere
in the region of continuity of t](x) T

_ The information on the distributions t; (x) and vj (x) allows us to. estlmate the reactivity £(t) introduced
by the disintegrating pellets. For example, for the S1mult_a.neous subjump. of all the pellets upward with
initial velocity distribution Vi) = acTy(x/ L), the indicated reactivity can be represented in the form

. . . ,

—y3, 0Ly <Y

(ocT o) y Pl ) LY ) (3) .

t . _ )
& 2y (=) v° A<y<2.

£ (y)=Eexp

Here g = 9.81 m/sec?; y = gt/ acT, and gexp is the coefficient of reactivity based on the thermal expansion
of the fuel. In order to derive this equation we assume that the reactivity introduced for a departure of unit
length from the fuel rod depends linearly on x [1]. If & =1.4-107° deg™}; ¢ = 3-10% m/ sec; T, = 10°C; ’
and £gx, =—0.015 cm™, the extremal value (3) will equal —0.0147, The moment y = 2, when the reactivity
{(3) vanishes, corresponds to 0.0857 sec. For a frequency of 50 sec™! the distance between the power pulses
is 0.02 sec. Hence it follows that the four following pulses will not be realized, since the instantaneous
supercriticality, which should be produced by then, is approximately 1073, We see that under such con- -
. ditions it is not possible for the reactor to operate stably. Furthermore, such a mode is also inadmissible
according to the conditions of nuclear safety (especially at low frequencies, when the temperature coef-
ficient of react1v1ty has a considerable effect). ,
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LETTERS TO THE EDITOR S - ' o

CHOICE OF THE OPTIMUM VALUE FOR THE CONCENTRATION
'OF THE KEY ISOTOPE IN THE WASTE SECTION OF A
CASCADE USED IN SEPARATING MULTICOMPONENT

ISOTOPE MIXTURES |

N. A. Kolokol'tsov,* N, I. Laguntsov, ‘ ' ~ UDC 621.039.31
and G. A. Sulaberidze o :

In [1] we discussed so-called Q-cascades, which can be used for separating a multicomponent iso-
tope mixture into two groups of isotopes: a lighter group and a heavier group. The separation in the cas-
cade takes place in such a way that the isotope concentrations in one group (including the intermediate key
- isotope or the generated isotope) in the outlet of the cascade will increase, while the concentrations of
the other group will sharply decrease. Since enrichment takes place in the entire group, the concentration
of the key isotope in the outlet of the Q-cascade will be bounded. This follows directly from the formula
for the ratio of the concentrations of any i-th and n=th isotopes in the outlet of a Q-cascade with sp stages
in the product section and sy stages in the waste section: '

ci_p exp (Qisw)—1  exp (Qnsw)—exp (— Qnsp) cip ' (1)
cnp oxP(Qnsw)—1  exp (Qsw)—exp (Qisp)  onr ' ‘ '

where cjp and an are, reSpectwely, the concentrations of the i-th and n-th isotopes in the feed; Q; are
constants related by the following equation: -

Qi—Qn=¢8in ) ’ _ (2)
(here £;, is the enrichment factor for the isotope vapors numbered i and n).

If n is the number of the key isotope and the isotopes are numbered in order of increasing mass, then
the Q; are chosen in such a way that all the values for i < n will be positive and all those for i > n w111 be
negative. Then for cascades with a sufficiently long product section, i.e., for any i such that exp (| Q| sp)
> 1 [see Eq. (1)], we obtain a limiting value for the concentrahon of the key 1sotope cnP , for a selected
number of stages in the section,” sy:

©Jmnax SR ; i (3
. nP n ) X .
> Bicir
i=1
where
' ‘ 1-—exp (— Qisw) v ' ' (9

Bi=

T—exp(— Qww)

The number of stages sy and the concentration cnw of the key 1SOtope 1n the waste section are related by
the formula B
‘nk eXP (—QnSw) : : (5)

m
cipexp(=Qisy)+ D) cir
1 i=n-t1

Cpw ~

s

i

) ’ . i
(m is the number. of corhponents‘in the mixture).

* Deceased.

Translated from Atomnaya. EnergLya Vol. 35, No. 2, pp. 12’7 128, August, 1973. Original letter
submitted April 25, 1973.
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In the limiting case, as sv.vv—— , Eq. (3) takes on the form [2]:

max,_ar | (6)
nP ~ T ' '
2 CiF
i=1
- and as sy —~ 0, we have
max 200 ' ( 7

ot

/

where Q;/Qp=1( =1, , n). Thus, the maximum admissible value cI% W 3X of the concentratlon when
there is a waste sectlon is glven by the relation -

B P otk 8
2 P L Der :
i=1 =1

If the concentration cpp of the key. 1sotope is given, we can find from (3), ), and (5) the value of CnW
corresponding to the m1mmum length (SW)mln of the waste section. Sincewe have assumed that exp ( |Q1|SP)
> 1, then, as nw - CnW , the total flow through the cascade increases beyond all bounds.

The required cpp value can be obtained for any values sw > (Sw)min; @S Sw increases, sp will

- naturally decrease. As sy — > (i.e., as cpw — 0), the total flow will also increase beyond all bounds,

and consequently the opt1mum value SW (or CnW) corresponding to the minimum Z 1. will lie in the interval
between (Sy)min and sy — «.

‘Because of the presence of an optimal waste ‘sectiog in multicomponent separating cascades they .
are substantjally different from two-component cascades, in which the minimum Z1, always corresponds
to the case sy — 0, and in which, furthermore, there is no restriction on the choice of the limiting value
of the enr1ched-1sotope concentratmn
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X-RAY DIFFRACTION STUDIES OF THE THERMAL v ' ,
EXPANSION OF NEPTUNIUM DIOXIDE ‘ 3

L. V. Sudakov, I. I. Kapshukov, ' UDC 541.45:546.799:3
and V. M. Solntsev

Np?37 dioxide has been gaining increasing favor in practical applications,. but data on the thermal
_expansion of NpO, is not yet to be found in the literature.

We measured the thermal-expansion coefficient of the crystal lattice of NpOy ¢y + ¢.¢1 Over the tem-
perature range from room temperature to 1000°C, using the high-temperature x-ray diffraction method.
The stoichiometry of the specimens was determined by a procedure described elsewhere [1]. We used a
thin-walled hermetically sealed quartz capillary tube containing ~1 mg NpO, in the x-ray investigation;
platinum served as standard. The platinum lines were consulted in determining the temperature (£10°C),
and data on the thermal-expansion coefficient of platinum were taken from [2].

The diagram (Fig. 1) shows how the lattice constant of NpO, varies as a function of the temperature
(mean error Aa = £0.001 A) Over the temperature range from room temperature to 700°C, the thermal-
expansion coefficient of neptunium dioxide remains constant at 9.5 + 0.15:-10~% deg~1; as the temperature
rises, the linear expansion coefficient follows suit, to aftain a value of 11 0 £ 1.0-10"% deg-! at 1000°C. o

The data obtained are in close agreement w1th values of the thermal -expansion coefficient reported
for dioxides of other actinoid elements [3, 4].

The authors are indebted to V. P. Sheshunov for his kind assistance in conducting the experiment.
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DETECTION OF IONIZING RADIATION BY MEANS OF
“A DIELECTRIC LIQUID IN AN ELECTRIC FIELD

A, P. Suslov, V. S. Zavgorodnii, S . UDC 539.1.074
and G. N. Patrushev “ '

In the presé'nt study an attempt is made to make use of the pondermotive forces generated in a liquid
dielectric in order to detect the energy absorbed from ionizing radiation.

If the plates of a pé.rallel—pl'ate capacitor are partially i'mmersed in a liquid dielectric (with the other
~ part remaining in air) and a voltage is supplied to them, there occurs a displacement of the liquid dielectric
in the space between the electrodes, given approximately by the expression [1]

£ (6 — tg) U} - (1)

o= 2(:);,1d2 cos @

~ where hy is the d1splacement of the liquid dielectric caused by the electric field; u, is the voltage applied
to the electrodes; g and € are the relative ‘permittivities of the gas and liquid dielectrics, respectively;
pis the density of the liquid dielectric; £, is the electric constant; g is the gravitational acceleration; d is
the interelectrode spacing; and ¢ is the angle between the long1tud1nal axis of the electrodes and the direc-
tion of the force of gravity. :

A change in the conductivity of the elevated liquid dielectric occurs as a result of radiation, which
in turn leads to an increase in the rate of displacement (settling) in the interelectrode space. A study of
this phenomenon which takes into account the transients occurring in the nonlinear circuit consisting of
a capacitance discharging through a resistance (the liquid and gaseous dielectrics) shows that the change
of the height of the liquid dielectric in the mterelectrode space is given by the equatlon '

ot

- Ep (61 ——Sg) gne T(“? . ‘ B (S (2)

t L]

2p4d? cos @ (Co-+ACe P2

’ ]l.t==

where AC is the change in the capacitance of the capacitor (the system.consisting of the liquid and gas)
due to the rise of the liquid dielectric to a height h corresponding to an initial charge qy; 7(p) is the time
constant of the capacitor (the system of liquid and gas); C, is the capacitance of the capacitor for gy = 0.

A UEDE-60-250 calibration apparatus was used to make the measurements. An RUM-~13 x-ray ap-
paratus was used as a radiation source. The operating ranges of tube voltage and current were 100-250
kV and 5-13 mA, respectively.- The current stabilization was between 2 and 0.02%. The maximum error
in the radiation dose rate was =3%. ' ' s

. The radiation was detected by a specially prepared detector filled with kerosene which had been
purified by double distillation under vacuum. The level of the liquid dielectric in the interelectrode space
was read on a millimeter scale at certain values of the time interval 7 which were measured with a timer,
taking 7 = 0 at the beginning of the exposure to rad1at1on The maximum errors in the measurements were
+0, 5 mm and +0.1 sec, respectwely

The detector was charged to 4000 V. It was disconnected from the power supply and the timer was
switched on at the instant that the irradiation began. '

Translated from Atomnaya Energiya, Vol. 35 No. 2, pp. 129-130, August 1973 Original letter
submitted July 4, 1972; revision Submltted February 13, 1973.
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Fig. 1. Level of the liquid dielectric as a function of time, for various dosage
* absorption rates (rad/min): 1) P = 0; 2) 1.42; 3) 2.142; 4) 3.04; 5) 3.642.

Fig; 2. Dependence of the time constant of the capacitor on the dosage absorp-
tion rate: ) experimental; — — —) calculated.

The experimehtally determined time depiendence of the elevation of the liquid dielectric for various
dosage absorption rates is shown in Fig. 1. -The dependence of the time constant of the capacitor on the
dosage absorption rate is shown in Fig, 2.

Figure 2 shows that the variation of the time constant of the capacitor with the dosage absorptmn
rate can be fitted with a maximum error of +15% by the following empirical formula:

P I (3)
T+16P°

where P is the dosage absorption rate, rad/min; 7, is the time constant of the capacitor (for P = 0), sec.

The curves which were calculated by using Eqgs. (2) and (3) are shown in Fig. 1 by dashed lines. Tt
is clear from Fig. 1 that the difference between the absolute values of the theoretical and experimental
curves is at most of the order of tenths of a millimeter (Ahpyax = 0.83 mm).. The relative error is £40%.
Such a large error is explained by the small absolute values of the height of the column of liquid in the
lower part of the curve.

It can be concluded from the present study that it is possible in principle to utilize the pondermotive'
forces which arise in a liquid dielectric for the purpose of detecting an absorbed dose of ionizing radiation.
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INVESTIGATION OF THE RADIOCACTIVITY OF DINOSAUR
BONES WITH A HIGH-RESOLUTION GAMMA SPECTROMETER

T. Gun-Aazhav, Sh, Gérbish, ) ' . o UDC 539.106
O. Otgonsurén, Zh. Séréétér, ' _
and D. Chultém S ‘

Spectrum of y-Quanta, In recent years several studies have appeared on the investigation of de-
posits of uranium in fossil bones of ancient animals [1-5]. In [2-3] the uranium concentration in ancient
bones was determined by means of dielectric detectors directly according to the fission of U%3® by thermal
neutrons, and it was shown that dinosaur bones contain up to 10-3 g/g of U, i.e., 1 kg/ton of U, if we as-
sume a ratio U?¥/U2% equal to ~140. In [4, 5] the uranium content in the same bones was determined by
the method of scintillation spectrometry according to the radiation of the decay products of U238, A com-
parison of the spectra of the investigated sample and a mineral with a known uranium concentration showed

“that the uranium concentration in the bones of fossil dinosaurs also is tenths of a percent.

‘In this work we studied the v-radiation spectrum of ancient bones' with the aid of a Ge(Li) spectro-
meter with a high energy resolution (about 6 keV for the line 662 keV of Cs137), )

One of the measured spectra of a powdered sample of dinosaur bone is shown in Fig. 1a; Table 1
presents an identification of the lines of the sample.

The measured values of the y -quantum energy coincide with high accuracy with the data of [6, 7], in
which the vy -radiation of Ra*¢ and its decay products was investigated with a Ge(Li) spectrometer

The observable 'y-spectrum of the bones of ancient animals is a spectrum of natural radioactive
series. Most of the observed lines belong to the uranium —radium series (chiefly RaB and RaC). Among
the lines of the spectrum there are four lines of the thorium series (239, 910, 1595, 2615 keV) and one
line of actinouranium (185 keV). Although such a ratio among the y-radiations somewhat resembles the
spectrum of equilibrium minerals of uranium and thorium [8], strict quantitative information on the con-
tent of these elements in the investigated samples cannot be obtained from these data. They permit only a
qualitative conclusion that the ancient bone contains a rather large amount both of uranium [1-5] and of
thorium.

Disturbance of Radioactive Equilibrium. The difficulty of the quantitative determination of uranium
and thorium in bones according to their y-activity is associated with the possible deviation from radioactive
equilibrium. Since the age of the investigated bones, according to the data of the paleontological method, is
about 70 million years, it can be considered with great probability that the time elapsed is sufficient for
radioactive equilibrium to have been established between uranium and its products, regardless of whether
all the uranium was in the bones from the very beginning (biochemical origin) or whether it accumulated
over a long geological period (geochemical origin). However, other causes of deviation from radioactive
equilibrium are also possible, for example, a disturbance of this equilibrium as a result of the removal of
uranium from bones or the migration of its decay products (thorium, radium, radon, etc.). But on the
other hand, if the process of accumulation of uranium in bones is due to its absorption from aqueous solu-
tions by the isomorphous replacement of calcium ions by UO, ions [2, 3], then the absorbed uranium should
be preserved in the bone as a result of the very poor solubility of calcium phOSphate (hydroxyapatite) in
water.

Mongolian State ‘University, Ulan-Bator. Translated from Atomnaya Energiya, Vol. 35, No. 2, pp.
130-132, August, 1973. Original ‘letter submitted August 22, 1972; revision submitted January 19, 1973.
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Fig; 1. Gamma spectrum of bones of ancient a111mails: a) exposure 10 h, weight of

‘'sample 300 g; b) exposure 1 h, weight of sample 50 g; c) the same exposure and

geometry as in case b, but after heating of the sample at 700°C for 7 h,

Thus, in the opinion of the authors of this work, the

the y-Spectrum of Dinosaur Bone basic role in the disturbance of radioactive equilibrium

in ancient bones should be played not by processes of re-

Lotope Energy of v quantum, keV moval of the parent elements, but by the migration of the
- daughter elements in geochemical processes and the
Ko (Rn) ' .82 evolution of gaseous decay products (isotopes of radon).
sy ()UX1) , 9 For an illustration of the effect of emanation of
%ﬁgﬁ“&g;ﬁ }2250.', 205, 352, 786 radon, we investigated the dependence of the spectral
Bi214 (RaC) - 609, 769, 935, 1120, 1155, composition of the y-quanta of the bone on the conditions -

Ac?28 (MsTh 11) -

1238, 1378, 1408, 1509, 1540,
15951, 1662, 1730, 1763,

1848, 2119, 2204, 2448

of diffusion. Bone powder weighing 50 g was heated at
a temperature of 700°C for 7 h in a stream of nitrogen.

910
T1208 (ThC”) 2615 i
T1208 (ThC”)4-Rn222 | 511 The y-spectra of this sample taken before and
K40 1460 '

after heating under entirely uniform conditions (geome-

© try, duration of measurement, and system of operation
of the spectrometer) are shown in Fig. 1b, c. The time
interval between the end of heating and the beginning of
measurement of the spectrum was 1 h, and-the duration
of measurement. was 5 h.

Cot® (background) 1173, 1332

¢239 keV (ThB) + 242 keV (RaB).
11595 keV (RaC) + 1593 keV (MsTh ID.

In fact, as we had assumed, the intensity of the lines belonging to radon and its short-lived decay
products proved substantially lower after heating than before heating. For example, the x-ray line 82 keV
(Z ~86) and the lines 295 and 352 keV (RaB), 609, 768, 934, 1238 keV (RaC) were approximately halved.
Just as we expected, the x-ray line 96 keV (Z ~ 92) and the compound line 185 keV. (U235 + Ra2%) were un-
changed. The intensity of the line 511 keV (ThC" + Rn) decreased by only 10%, while the intensity of the
line 240 keV (RaB + ThB), on the contrary, increased by approx1mate1y 10%. The last two results are
explained bythe relatlvely long half- life (10.6 h) of ThB (Pb%?), :
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According to the general theory of diffusion, the release of radon from a uranium-containing sub-
stance will be determined by the structure of the material (particle size, porosity, etc.), the diffusion
coefficients (which in turn are a function of the temperature and activation energy), and the time.

Our experiment showed that for bones of ancient animals the coefﬁclent of evolutlon of radon is .
large, which is explamed by its porous structure.

. Therefore, the difference of the y -activities of bone samples {5] taken from different localities and
at different times of year (the temperature of the sand in the Gobi desert fluctuates greatly during the year)
is more likely associated with the difference in the conditions of diffusion of radon than with the difference
in the content of uranium in these bones and, consequently, it cannot characterize the uranium content of .
the corresponding regions.. The same conclusion is confirmed by data obtained by the method of dielectric
detectors. : e ‘ ' C '

From all the aforementioned it follows that the determination of the uranium content in different bone
samples according to their y-activities is possible only under definite conditions which ensure equilibrium
in the radioactive series (for example, after their storage in an ampule for no less than one month).

Nuclear Paleontology. In connection with the detection of an increased content of natural radioactive
elements in the bones of ancient animals, there-arise questions of which the solution is of great significance
for paleontology: the evaluation of the geological age of fossilized animals, the search for skeletons of these
animals by a radiometric method, radiation safety of service personnel in paleontological museums and co-
workers of laboratories, ete.

It should be noted that for a correct evaluation of the age of bones according to uranium and thorium

it is necessary to know the rate of accumulation of these elements and the amount of radiogenic isotopes of

lead. This question should become the subject of special investigations, while the well-known nuclear-
physical methods of geochronology should be somewhat mod1f1ed for the case of Slow accumulatlon of the
parent nuclei.

A study of ,the process of accumulation and migration of radioactive elements and their decay prod-
ucts in the bones of ancient animals may be of indirect interest for geology as well (in particular, for -~
the geochemistry of uranium and thorium, phosphate minerals of the type of apatite, including phOSphorite)

A study of the content in bones of other elements, prlmanly rare-earth elements “which are usually
geochenrucally correlated with uranium and thor1um is also of great interest. '

We should mention that in the’ 1nvest1gat10ns of the rad10act1v1ty and material composrtmn of the bones
of ancient animals (both elemental and isotopic) the methods of nuclear physics can be widely applied: -
nuclear spectroscopy, radiochemistry, mass Spectrometry, and various forms of activation analysis. For
the investigation of the chemrcal form of the uranium found in bones the method of nuclear 'y—resonance
Spectrometry can be used. ~ ’

The authors would hke to thank co—workers of the Paleontolog1cal Laboratory of the Sc1ent1flc—Re-
search Institute of Geology in Ulan-Bator, R. Barsbold and D. Dashzeveg, for. k1nd1y prov1d1ng the valuable
material — dinosaur bones - for the investigation.
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THE PHOTOCHEMICAL SEPARATION OF HYDROGEN
ISOTOPES USING DEUTERIUM-VAPOR TUBES

Yu. G. Basov, V. S. Greben'kov, ' : UDC 621.039.335
and E. A, Oginskaya ‘

It was emphasized in [1-3] that, in the présence of light radiation selectively exciting the Amolecules ]
of the isotopes, effective separation can be obtained in the process of photochemical reaction., In this way,
mercury isotopes were separated [1] using a mercury light source with monoisotopic filling.

The present paper presents a description of experiments on the separation of the protium and deuter-
ium isotopes of hydrogen during the illumination of an oxygen—hydrogen gas mixture by deuterium-vapor
tubes.

The choice of hydrogen for the conduct of the reaction was determmed by the knowledge that the
interaction of H, with O, occurs in the following stages [4]:

T H (34 —> H(ES)+HES), . (1)
H(28) 4 04(3%g) —> HO, (doublet), ) (2)

HO, (doublet) + H(?S) —> H,0(4,)+O(3P), -3
04(337) + 0(3P) —> 04(S0). (4

As is seen from this scheme, inthis case the reaction occurs when the radiation acts only on hydrogen
molecules, The oxygen atoms, formed in stage (3) or during the photodissociation of O,, participate only
in the formation of ozone. If, however, the temperature of the gas in the reaction vessel is maintained
above 90°C then ozone will not be produced in the reaction products, For the reaction, for example, of
hydrogen with nitrogen, when ammonia is formed both in the reaction of H atoms with N, and in the réac-
tion of N atoms with H, [5], the selective separation of hydrogen isotopes cannot occur due to the large
contribution to the isotope effect of the stage with the participation of N and H,.

v ; In contrast to a low pressure mercury-vapor tube having a line spectrum of radiation in the ultra-
violet region, hydrogen- and deuterium-vapor tubes are characterized by continuous radiation in this

spectral region; therefore, we did not expect to obtain selective excitation of deuterium in the experiments
conducted. However, since the intensity of ‘the ultraviolet radiation of a deuterium-vapor tube is signifi-
cantly higher than in a low-pressure hydrogen or mercury-vapor tube in the range of wavelengths corre-
sponding to the dissociation energies for H, and D,, it was possible to expect an increase in the separation
factor for the isotopic molecules mentioned as compared with the data obtained for a mercury-vapor tube
[3]. Therefore, a deuterium-vapor tube was selected for the conduct of a photochemical reaction with the -
participation of hydrogen, deuterium, and oxygen.

: : A diagram of the experimental apparatus is pre-
TABLE 1. Transmission Coefficients for sented in Fig. 1. Two deuterium-vapor tubes, uniform

Quartz Windows of Deuterium-Vapor Tubes in construction [6], 1 and 4, with an initial pressure for
’ o ) the D, equal to 8 mm Hg, were welded onto a cylindrical,
“Window |70 [ 56 220 270 reaction tube 3; attached to the reaction tube were
: three tubes for connection with a gas. cylinder 2, a
First 0,79 0,85 0,90 0,92 circulation pump 5, and a collector 8. The pressure was
Second 0,78 | 0,83 | 0,88 | 0,92 measured by a manometer 6, and samples for gas and

Translated from Atomnaya Energ1ya Vol 35, No, 2, pp. 132-134, August, 1973. Original letter
submitted October 17, 1972,
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Fig, 1, Diagram of ex- Fig, 2., Common form .of photochemxcal re-
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- Fig. 3. Radiation spectrum distribution for the quartz capillary tubes used in
the experiments.

Fig. 4. Pressure variation during oberation of apparatus.

isotope analysis by an MKh-1302 mass-spectrometer were collected ih the 'ampul:es 7. Water vapor, formed
in the photochemical reaction of hydrogen with oxygen under the influence of light radiation, was frozen out
in the collector 8. :

The experimental reactor utilized in the experiments is shown in Fig. 2. The photochemic¢al reactor
was welded to the glass components of the apparatus through glass connections,.

The transmission coefficients for the quartz windows of deuterium-vapor tubes are cited in Table 1,
from which it is seen that in the spectral region that we investigated (A ~ 270 nm), corresponding to the
dissociation energles of H, and D2, the wmdows used transmitted ultraviolet radiation practically com-

pletely

The Spectral distribution for the quartz capillary tubes utilized in the experiment is presented in
Fig. 3. From Fig. 3, it is seen that the Spectfum of deuterium-vapor tubes is characterized by high-power
emission bands at A ~ 160 nm with a decrease in the intensity of the radiation for A = 165-180 nm and a
subsequent increase in continuous radiation with an increase in wavelength, It should be noted that tubes
filled with H, have a similar form of spectral distribution, but with decreased intensity in the radiation at
all wavelengths. :

The D, : Hy : O, reaction mixture was composed in-the ratio 4:1:48. Deuterium in conformity with

TU-6-02-628-71 was utilized. The oxygen and H, were purified and dried in a special apparatus before
_preparing the mixture. .

The characteristic time-—dependence for the pressure variation during the operation of the experi-
mental apparatus is presented in Fig. 4. The initial pressure in the circulation system was 110 mm Hg,
The total electrical power input to the tubes was 340 W, ‘ »

As a result of the experiments it was learned that, during the photochemical reaction of hydrogen
with oxygen with the formation of water, deuterium accumulates in the residue of an incompletely reacting
gas with a separation factor of 2.3 + 0.4. When conducting experiments in the course of 2-3 h, the en-
richment factor was increased from 1.965 up to 2.36.
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Thus, in the case being considered, the enrichment factor has substantially larger values than during
the photochemical separation of hydrogen isotopes by means of a low-pressure mercury-vapor tube. In
this connection, the method described for the separation of hydrogen isotopes can be utilized for the con-

-centration of deuterium.

In conclusion, the autboré express their appreciation to T. V. Nikol'skaya, V. N. Chibis, and V. V.
Baraev for aid in the preparation of the experimental apparatus and the conduct of the experiments.
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COMPARISON OF TWO ALGORITHMS FOR THE
EMERGENCY SHIELDING OF A REACTOR DURING
REACTIVITY DISTURBANCES

A. A. Sarkisov and V. N. Puchkov o UDC 621.039.566.8

X : , . ] .
The difference between the emergency-shielding (ES) algorithms being compared is that, in one,

the instantaneous value of therelative reactor power is bounded, N/ N, = (N/Ng)*,while, in the other, it is
the relative rate of increase in neutron density n(t) that is bounded, i.e., the reactor-excursion period

=[7g drfut).] 1

A similar problem was posed in [1], but the authors cons1dered only cases of discontinuous intro-
ductmn of reactivity, which allowed them to use the elementary kinetic equation to describe the process.

In the present work we studied the emergency modes of a water-cooled nuclear reactor using U2%.
~ fuel. Disturbances were introduced by changing the reactivity at certain constant rates.

In the mathematical description of the process, we used kinetic equations with six groups of delayed
neutrons, The parameters g and ! were chosen according to the recommendations of [2] for reactors of
the given type (8 =0.0064;1 =5-1075 sec), To simplify the description, we did not take the neutron space
distribution into account and we assumed the one-group representation of the neutron spectrum to be valid.
Moreover, we did not take into account the inverse temperature relationship, since our problem was to
compare shielding algorithms for transient processes with the highest possible rate of reactivity intro-
duction. The model would approximate -more closely the experimental conditions if a negative inverse
temperature relationship were included in it. ' '

The study was made on an electronic model of the reactor neutron kinetics, which was realizedona
MN-14 analog computer. We considered only operating (not start-up) reactor modes, in which the initial
conditions are N/ N, given = 1 and py = 0. Disturbances were 1ntroduced by varying the reactivity p linearly
at various rates (b =8-10-5-120 - 10~ sec™), '

The injtial curves obtained with the model are the dependences N/ No = f(p, t) and T = @{o,t). They
are shown in Fig. 1 in generalized form ,

Using the data obtained, the response rates of the emergency-shielding channels can be compared.
Initially, we will assume that the shielding channel for the relative rate of neutron-density increase is
inertialess (7 = 0). Then for any given T¥*, based on the data obtained from the model, we can construct
a curve dividing the graph into two regions: a region of shielding actuation over N /N; and a region of
actuation over T. In Fig. 2 such curves are shown for T* = 15 sec. If the points are below the curve, the
shielding is actuated only upon a signal that the given power level has been exceeded; if they are above
the curve, shielding is actuated on a signal that the relative neutron—denS1ty rate of increase is inadmis-
sible. Thus, when p =20-10-5 sec™!, and settmg T* = 15 sec and (N/ Np)* = 1.2, in all cases the shielding
will be actuated by a signal that the given power has been exceeded. ’ '

Actually, the channels for measuring the period cannot be inertialess, since the differential amplifier
used in them cannot, in principle, have a time constant equal to zero. Thus the necessity arises for
comparing the shleldmg channel response times with various time constants 7 of the d1fferent1at1ng

Translated from Atomnaya Energlya Vol. 35, No. 2, pp. 134-135, August 1973. Omgmal letter
submitted October 18, 1972.
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Fig. 2. Limiting curves for various time constants 7: 1) 4; 2) 3; 3) 2;4) 15 5) 0
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Fig. 3. Dependence of the reactivity introduced up to the instant of ES actua-
tion by a signal T* =15 sec on the rate of introduction of reactivity and the time
constant 1: 1) 4; 2) 3; 3) 2; 4) 15 5) 0 sec..

network. For the va.nant being studied (T* = 15 sec), such curves are shown in Fig. 2 for 7 =1, 2, 3, and
4 sec, : ‘

' In power reactors, it is uncommon to use power settings (N/Ng) > 1.7. It follows from Fig. 2 that
when 7 = 4 sec, the shielding channel for T for such reactors is unnecessary in all modes except start-up.

The data obtained allow us also to determine the preferable form of shielding action when the ES is
actuated by a T* signal. If we take into account that pt = p, then for a given T* the initial dependences may
be presented in the form p = (b, 1), as we show, for example, for T* = 15 sec in Fig. 3. Analyzing the
curves in Fig. 3, we can conclude that, when the channel for shielding the neutron-density relative-increase
rate has a higher response rate, the signal for shielding actuation appears at lower reactivity values.
Consequently, it is unnecessary to introduce "heavy" ES absorbing rods into the reactor. It is sufficient to
stop the reactivity increase by sending a signal prohibiting extraction of the absorbers, or, when neces-
sary, to introduce a "lightened" group of emergency-shielding rods into the reactor.
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TEMPORAL STATISTICAL STRUCTURE OF GLOBAL
RADIOACTIVE FALLOUT ON THE OCEAN"

K. G. Vinogradova, O. S. Zudin, UDC 614.73:543.053
B. A. Nelepo,.and A. G. Trusov

It is known that the fluxes of global radioactive fallout on various parts of the Earth's surface fluctu-
ate considerably both in space and in time. Since the distribution of global fallout has been previously
- elucidated through a circulation scheme for the fallout of radioactive aerosols from the atmosphere, in so.
doing a geographic factor has been established in the density of the fallout [1], during the investigation of
which special attention was directed to the distribution with respect to the seasons of maxima in the con-

centration of the contamination of the ground layers of the atmOSphere in the Northern and Southern Hemi-
spheres.

/

7 There are several hypotheses explaining the planetary distribution of radioactive fallout, among
which, in our opinion, special interest attaches to a compromise theory of a weather —climatic approach
to the process of the fallout of radioisotopes associated with atmospheric deposits [2, 3]. However, in
connection with the lack of experimental data on the fallout of radioisotopes over the surface of the ocean
it was impossible to form conclusions regarding the features of this approach, At the present time, few
works are known in which the density of the fallout upon the ocean would be evaluated, For a description
of the processes occurring in layers of the atmosphere adjacent to water, it is impossible to employ the
regularity of the fallout of radioactive deposits upon dry land because the assumption concerning their uni- -
_formity is not verified [1]. Utilization of radidisotdpes as tracers allows one to predict these processes
and to determine their intensity at the surface of the ocean,

American investigators at weather centers obtained representative time sequences of observations for
the fallout of Sr% [4].. The density of strontium fallout was measured at fixed stations in the Atlantic Ocean
(No. 1: 56°30' N lat., 51° E long.; No. 2: 52°45' N lat., 35°30' E long.; No. 3: 44° N lat., 41° E long.; No. 4:
35° N lat., 48°E long.) in the period from the rmddle of 1965 until June, 1971. However the preliminary
analysis of the den51ty of Sr% fallout for the measurements conducted (about 500) presents some difficul-
ties. Consequently, for the analysis of the density distribution of the fallout, the data obtained was sub-
jected to a statistical treatment. The time sequences proved to be representative. On the basis of this
data, distribution functions were plotted and the moments for the distribution of Sr* faliout from the atmo-
sphere were calculated. Data beginning with 1966, i.e., at the time when the level of the average annual
fallout was stabilized, was considered for the calculation of the fallout distribution functions [2, 3].

The arithmetic mean values f, the root-mean-square deviations ¢ and OTunbi (biased and unbiased
estimate), the asymmetries A and Ayppj, the excesses E and Eyppi, and the statistical errors in.their
determination (mgy, mg, my, and mg, respectively) are presented in Table 1. '

Besides the statistical errors, it is necessary to.take into account the errors in the measurements.
typical of the experimental data beiné used. Since the data contains only two significant figures after the
decimal point, this error must not be less than £0.005. The distribution function obtained at station No. 3
is shown in Fig. 1. The significant spread in the results is connected, obviously, with errors in the orig-
inal data. Fairly accurate agreement is obtained by the comparison of a smoothed-out density function
with the empirical density function of a normal distribution truncated at the point 0. The normal truncated
distribution is characterized by two parameters of the original normal distribution and two truncation
. points: :

Translated from Atomnaya Energiya, Vol. 35, No 2, pp. 136-138, August, 1973. Original letter
submxtted March 5, 1973.
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TABLE 1. Results of Mathematical Treatment at Four Stations
5! Station 'é;m
Z Observation | coordinates EE
£ itime 24 | e {BE ] H 3
s S | B g8 5 (AR EIE Elal | o .
2 - R g (e |<ig | m| & |82 F|le]l| o
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1966- - .
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3 | January 44°00”41°00” | 82 |0,052{0,00610,054(0,054|0,0034(3,12/3,14(0,0312,85(13,4 [0,05/0,02(0,05 |0,05/0,03
1966~ - : : :
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1671 o ‘ _
4 | January 35°00°|48°00" | 80 |0,048l0,06 0,033(0,054/0,0035(3,46(3,48(0,03(15,7 (16,5 [0,050,02[0,04 |0,04|0,03
1966- : . ] ‘ :
March
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F
| L i LNl N i
0 905 00 415 420 0 0,05 910 Y
~°f, puCi/km? - f, pCi/km?
Fig. 1 ' Fig. 2
Fig. 1. Histogram and distribution function for the denS1ty of
Sr® fallout for station No. 3.
Fig. 2. Density distribution functions for Sr? fallout =)
station No. 1; } Nos. 2 and 3; — -—) No. 3.
it
A 202
F(f, fo» Op)==———¢ “0when f >0
(f, for on) oV >
T
1

where 4= ; ® is a probability integral; @, (x)—-:% S ¢4 | The quantity f, corresponds to the. ;
0 M i

0.5+ (fo/on)
mode of the histogram for the probab111ty distribution density; it equals 0.02 pCi/km? for all stations (Fig.
2). The parameter gy is close to the value of the root-mean-square deviation calculated from the original
sequence, The mathematical expectation F and the root-mean-square deviation ¢* for a truncated normal
_ distribution were calculated from the equations:

'

f=17+Boy;

%2 — g2 _1_32__ﬂ,4q, (_jo_);] :
i on Oy !

where 5—

olg)

——* =12 is the normalized- density for a normal distribution. The cal-
0,5+, (42 Ve | ‘ |
n/

cculated values of the paré.metefs are presented in Table 1, from which it is seen that the average values
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)

Fig. 3.- Normalized autocorrelation density functions
for Sr¥ fallout: ) station No. 1; —.—) No. 2;
—+.—) No. 3; ———) No. 4.

obtained during the processing of the sequences agree well with the f for all stations. The root-—méa.n-
square deviations agree somewhat less, but are found, apparently, within the 11m1ts of admissible error,

i Since the available data on the fallout density is obtained at different perlods of the observations,
we assumed for the calculation of the correlation functions that, within the limits of a single time interval,
the fallout density remained at the average level. Using the data of the sequence cited, the fallout corre-
" lation functions were calculated from the equation

Sfrfren - )
V2fisfin

By, 5y

Normalized autocorrelation functions for the stations indicated are shown in Fig. 3. The correlation
functions for all four sequences possess a similar kind of attenuated harmonic oscillations. It is easily -
seen that the period of the fundamental harmonic is approximately equal to one year.. Thus, a character-
istic alternation of summer maxima and winter minima in the fallout of artificial radioisotopes is observed
upon the ocean as well as upon dry land. An increase in the number of fallout observation stations- permlts
a more thorough statlsucal analysis, including the development of correlated coupling.

¢
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INFORMATION ‘

SCIENTIFIC COOPERATION BETWEEN SOVIET
AND AMERICAN PHYSICISTS

V. A, Vasil'ev

In November, 1970, a report was signed authorizing the undertaking of joint studies inthe field of high-
energy physics at the accelerators of the Institute of High-Energy Physics at Serpukhov, USSR, and at the
National Accelerator Laboratory at Batavia, Illinois, USA. The report was signed by the authorized rep-
resentatives of the State Committee on the Uses of Atomic Energy of the USSR, and the Atomic Energy
Commission of the USA, At the same time, a group of American scientists and specialists had already
been to Serpukhov and had participated, together with scientists from the Joint Institute for Nuclear Re-
search; in an experiment on the investigation of the process of r—e scattering and the structure of a -
meson on a large Soviet proton synchrotron. The construction of the US accelerator is nearing comple-
tion, : ‘

In February, 1972, the accelerator at Batavia attained an energy of 200 GeV, and in March of the
same year a group of Soviet scientists and specialists arrived at the National Accelerator Laboratory to
participate in a second joint Soviet— American experiment. The aim of the experiment was to study the
process of elastic scattering of protons by protons at small angles over a wide energy range. There is
much interest in studying the elastic scattering of high-energy particles because such experiments enable
us to verify directly the fundamental postulates of quantum field theory (relativistic invariance and micro-
causality) and shed light on the dynamics of strong interactions (the analytical properties of the scatter-
ing amplitude). It was tempting to verify the energy dependence of the width of the diffraction cone and
the real part of the scattering amplitude right up to the highest energies. In order to determine these
quantities we had to measure the differential cross section of elastic scattering in the region of small
angles with an accuracy of 1-2%. As an example we can note that for an energy of the initial proton beam
of 20 GeV the scattering angles applicable for the measurement, in the laboratory system, fall within the
range 0.1-0.05° {0.05° corresponds to the square of the transmitted impulse t = -0.0005 (GeV/ c)?].

~Progress in this experiment depended, to a considerable extent, on the use of an original method,
first proposed and used in accelerator experiments by a group of physicists from the High-Energy Labo-
ratory of the Joint Institute for Nuclear Research (V. D. Bartenev, V. A. Nikitin, Yu. K. Pilipenko, V.
A. Sviridov, K. D. Tolstov, et al.). It was proposed that we use as a target a thin (0.5 u) polyethylene
film or that we inject directly into the vacuum chamber of the accelerator a supersonic jet of condensed
hydrogen, and then record the recoil protons formed in multiple collisions of the primary accelerated
protons with the target. ‘

The special experimental apparatus, including the hydrogen (or deuterium) gas jet target, the semi-
conductor detectors for recording the slow recoil protons with the necessary electronics, control devices,
‘and the cryogenic system, were fabricated at the shops of the Joint Institute for Nuclear Research, and
successful tests were carried out in experiments at the Serpukhov accelerator. The experience obtained
in these experiments enabled the group of Soviet specialists, after arriving in Batavia, quickly to assemble
and prepare for operation the apparatus that they had brought with them, and to install it on the American
accelerator. From July, 1972 until March, 1973 in the experiment valuable scientific information was ob-
tained on elastic proton—proton scattering with small transmitted momentum in the primary-proton energy ’
range 20-400 GeV. The first prelimindry results were reported in August, 1972 at the International Con-
ference on the Physics of High-Energy Particles, at Chicago, Illinois, USA. A high opinion of the Soviet
experimental apparatus and the results of the joint Soviet— American experiment was expressed at the

Translated from Atomnaya Energiya, Vol. 35, No. 2, pp. 139-140, August, 1973.
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meeting of the American Physical Soéieﬁy in New York. At this conference papers were presented by the
scientific leaders of the joint experiment, V. A, Nikitin and Yu. K. Pilipenko.

After a brief break in Aprii, 1973, the group of Soviet physicists again returned to Batavia in order
to complete the experiment and to process the large amount of scientific information that had been ob-
tained. The final results of this experiment are awaited with great anticipation. The point of interest is .
that in'the region 150-300 GeV a deviation of the experimental points from the theoretical prediction has
been detected, although there is good agreement at lower energies. If the prehmmary data in the indicated
energy range confirm this result, it will be an important new contribution to the further development of
the theory of nuclear forces. '

A reliably operating device using a gas jet as a pure hydrogen or deuterium target was of interest
to many physlmsts who: are carrying out or planning accelerator experiments. At present this target is
simultaneously in' use by four scientific groups. There is a preliminary agreement between the Joint
Institute for Nuclear Research and the National Accelerator Laboratory concerning cooperation in the
creation of a second similar installation and the carrying out of a joint expenment on the study of the pro-
cess of proton—deuteron scattering on the accelerator at Batavia,

Soviet:—America.n cooperation in the area of high-energy physics has been developing successfully.
It is not limited to the examples presented above, but is taking new forms and broadening its boundaries.
Recently the scientific council of the National Accelerator Laboratory approved a proposal on stili another
joint experiment on the investigation of the interaction of -high-energy antineutrinos with nucleons using a
large 15-foot (~457 cm) bubble chamber with neon—hydrogen filling. A group of Soviet physicists will be in
Batavia and will participate in the preparation and carrying out of this experiment. Simultaneously at the
Institute of High-Energy Physics and the Institute of Theoretical and Experimental Physics preparations
will be made for the processing of the film information, which will be obtained in the experiment and sent
from Batavia,

- The establishment of cioser, more intimate contacts between Soviet and American physicists not only
promotes the more rapid generation of important scientific results, and exchange and mutually profitable
use of the newest technical achievements, but at the same time contributes to better mutual understanding
between our nations, to peace, and to progress. ' '

767

Declassified and Approved For Release 2013/01/22 - CIA-RDP10-02196R000400020002-7




Declaséified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7

INFORMATION: CONFERENCES AND CONGRESSES .

SESSION OF THE SCIENTIFIC COUNCIL
ON PLASMA PHYSICS

M. S. Rabinovich

Academician M. A. Leontovich,

~ The annual session of the Scientific Council on Plasma Physics of the Academy of Sciences of the
USSR is a scientific conference of a new type. For three days only review papers are presented. This year
(March 5-9), they were dedicated to the stellarator program, the interaction of ultrahigh frequency waves
with plasma, the interaction of relativistic electron beams with plasma, and the interaction of flowing
plasma with a surface.

The meeting on March 9 was dedicated to the 70-year-old Academician M. A, Leontovich. B. B.
Kadomtsev, who noted the outstanding contribution of M. A. Leontovich to the creation of a Soviet school
of plasma theory in the development of controlled thermonuclear research (CTR), presided over the session.
M. A. Leontovich's students — B. B. Kadomtsev, R, Z. Sagdeev, E. P. Velikhov, and V. D. Shafronov
— gave scientific reports on MHD theory of plasma, turbulence of plasma and fluids, artificial plasma for-
mation in the Earth's magnetosphere, and fast processes. A, M. Prokhorov reported on the latest achieve-
ments in the study of gasdynamic lasers. 1. M. Fabelinskii discussed the propagation of hypersound in con-
densed matter. - The latest attainments in this field, obtained by the use of lasers, confirm the theory de-
veloped by M. A, Leontovich over 30 years ago.

N. G. Basov, Director of the P. N. Lebedev Physical Institute of the Academy of Sciences of the
USSR, and R. V. Khokhlov, -Rector of the Moscow State University, congratulated M. A. Leontovich on
his 70th birthday and wished him further creative success.

Translated from Atomnaya I::nergiya., Vol. 35, No. 2, pp. 140-142, August, 1973.
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As in the past, works on the physics of hot plasmas were the most fundamental and significant, Con-
siderable achievements have been attained in the Tokamak program. The main trends in thzs area of re-
search are listed below.

1. The conviction that tokamaks possibly do not have optimum geometry, and that it'is possible to
obtain better results by altering the shape of the cross section, is growing stronger. The so-
called "ring-shaped™ tokamaks will apparently begin operation in the near future,

2. New fundamental results can be obtained from the next generation of tokamaks. Therefore, the
construction of the T-10 tokamak takes on special significance, . ‘

3. The first results on nonohmic heating methods have been obtained; these results may have con-
siderable significance for the solution of the heating problem.

4. As is well known, the neoclassical theory has played a decisive role in the current representations
of plasma confinement and heating. Recently many data have appeared which indicate the influence
of other, nonneoclassical phenomena, In this context, the unsatisfactory position of electron
transport processes should be noted. The best agreement with neoclassicai theory is found in the
mplateau® region. Transition to the hydrodynamic and collisionless regions leads to a large
discrepancy between theory and experiment. The electron balance mechanism has not yet been
elucidated. In short, the questions of diffusion and stability in toroidal systems require further
detailed consideration. Several conclusions of the theory of local stability are very interesting,
in particular, the observation that, at finite 8, the flutes are stabilized because of an increase
in the magnetic well depth,

Work on the stellarator program is being conducted at the Physics Institute of the Academy of Sci-
ences of the USSR and at the Physicotechnical Institute of the Academy of Sciences of the Ukrainian SSR.
V. T. Tolok and I. S. Shpigel' discussed this research in detail. The devélopment of the stellarator pro-
gram depends on the introduction of a new generation of ‘stellarators (which have dimensions similar to the
T-3 tokamak). Stellarator results correspond to tokamak results, if the size factor is taken into account,"
As with tokamaks, there are increasing indications of a departure from neoclassical diffusion.

Work on magnetic traps forms an important part of the CTR program. Significant results have been
obtained on the PR-6 device, in which a plasma with density 2 - 1012 cm=3 and ion temperature 200-300 eV
is stable for the first 0.2-0.3 msec indicating that loss cone instability has a weak role, However, an
1nstab1hty subsequently develops, accompamed by electron heating and an increase of plasma potential.

The suppression of 1nstab111t1es by feedback stabilization on the LIN-5 device is also of interst.

In 1972 there was increasing interest in pulsed processes, This is primarily due to laser fusion.
-If laser efficiency is ignored and only physical controlled thermonuclear reactions are of interest, then,
according to calculation, a laser of 104 J is sufficient, or a laser of 10° J without complex programming
of the laser pulse. Lasers with such pulsed energies will be produced in the near future. Having attained
a physical CTR, from 4 - 1018 to 4 - 107 neutrons will be obtained per pulse. Obviously, laser fusion has
recently drawn our attention more and more,

Interest in high-current electron beams is growing. These beams have great possibilities for plasma
heating and rf power generation. Micropinch studies in the USA merit attention, Interest in theta pinches
has increased with the suggestion of using an imploding liner.

This indicates an increased or renewed interest in fast processes; this interest is sustained by cal-

.- culations showing that the efficiency of transforming fusion energy into electrical energy will be signifi-
cantly higher in pulsed processes than in steady-state processes. Thus, two main directions can be taken
towards the solution of the CTR problem, but within each the resources must be concentrated on the most
promising research. The confinement by plasma by multiple mirrors, suggested in the Institute of Nuclear
Physics of the Siberian Branch of the Academy of Sciences of the USSR, should also be noted.

Research on rf plasma heating has achieved great success. The method of nonlinear wave trans-
formation together with the methods of linear transformation, developed in the A, F, Ioffe Physmotechmcal
Institute of the Academy of Sciences of the USSR and in the Physics Institute of the Academy of Sciences
must clearly be one of the most promising means of plasma heating,

The decay and parametric instabilities are important for understanding the processes oceurring in
a laser-produced plasma, in the ionosphere, and elsewhere. The induced Mandel'shtam —Brillouinscatter-
ing, first observed in the ubf frequency range at the Physics Institute of the Academy of Sciences, should
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. be noted. Plasma heating hear the ion—ion hybrid resonance in a plasma with two different ion compo-~
nents is also of interest (Physicotechnical Institute of the Academy of Sciences of the Ukrainian SSR). A
deuterium —hydrogen plasma in the Omega toroidal device was heated near this resonance to a temperature -
of 200 eV at a density of about 1014 cm-3,

Many interesting studies of the beam —plasma interaction have been conducted. A large efficiency of
heating has been demonstrated when the beam is modulated at the lower hybrid resonance, The possibility
of effective plasma heating by the anomalous transformation of high-frequency waves into low-frequency
" waves has also been shown, The theory of beam deceleration in a plasma has been developed in'great de-
tail. . The spectrum of the Langmuir oscillations which arise during continuous beam injection into a plas-
ma, when the level of the excited oscillations is limited by their induced scattering on plasma ions, has
been determined.

The study of stfongly nonlinear waves will obviously play an increasing role. A theory of two-di-
mensional Langmuir solitons has been developed in the Physicotechnical Institute of the Academy of Sci-
ences. of the Ukrainian SSR, and their acceleration by an electron beam has been accomplished.

As is well known, electric fields of up to GV/ cm can be induced in strongly turbulent plasma. Such
fields effectively retard and randomize any directed motion, such as an electron beam. Strong fields in
a plasma can be utilized if they are synchronous and coherent, ‘

The most significant result of the past year in the plasma accelerator field is the design of the engine
on the satellite Meteor and its power supply. This engine worked for about 200 h and propelled the Meteor
. to a so-called conditionally synchronous orbit, during which time the orbit of the satellite changed in
" radius by 17 km. , ’

Successes in the development of stai:ionary plasma accelerators should also be noted. The problem
now is to create a plasma injector for CTR on a new basis. And, finally, an era of ever broader applica-
tions of plasma accelerators in technological projects has arrived.

Research on the physics of électron and atomic collisions has been conducted in a number of insti—
tutions and organizations, A new technique for forming highly excited particles and ions has been de-
veloped. This technique is based on the high efficiency of the transformation of certain excited molecules
into negative ions. New data on the excitation cross sections of particles by atomic and electron collisions
have beén obtained. : , : ’ :

Numerical calculations of cross sections for excitation and ionization by electrons and photons have
also been performed. Computer calculations are making significant progress,

The study of the formation of multiply charged ions has continued., The volume of research in this
field has grown strongly, as was clear from the increase in the number of reports presented at the All-
Union Conference (over 300 papers), ‘

) The next annual session of the Scientific Council on Plasma Physics will take place on February 25-
28, 1974. : '
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FRANCOSOVIET COLLOQUIUM ONHFAST-RE_ACTOR TECHNOLOGY

A, A. Rineiskii

A colioqiuium on fast-reactor technology was ‘held on March 19-23, 1973 at the V. I Lenin Scientific-
Research Instltute of Atomic Reactors ( NIIAR), in Dimitrovgrad.

The followmg topics were on the agenda of this bilateral meetmg
1) sodium-coolant’ technology, '

2) operating experience 'withb engineering reactors (BOR-60, Rhapsodie), experience in the design,
startup, and adJustment of power reactors (BN- 350 Phoemx),

"~ 3). the constructlon of 1000 1500 MW(e) fast reactors for future nuclear power stations.

‘With 4 large number of sochum facilities bemg put into’ serv1ce "the problem of the reut111zat1on of
equlpment that has been: dverhauled and repalred becomes more prominent. Sodium and sodium com-
pounds must be completely removed from such process eqmpment The French specialists reported on a
method which they are using to ehmmate sodlum from reactor components withdrawn from the loop, with-
out impairing the properties of the mater1als and withotit disturbing the geometric configuration of the
structures. The most effective method, in the opinion of the French specialists, is to use a jet of cold
water mixed with air in the cleaning process. The water is fed in from special spray nozzles under ~7
kgf/cm? pressure, The reaction products, principally hydrogen (in amounts that must not exceed 2%),
are eliminated from the flushing chamber. Since the processes take place at low temperatures (below
100°C), the formation of alkali is eliminated (the formation of:alkali has been observed when using steam
to wash out the sodium). This is one of the outstanding merits of the method. It was stressed that the com- .
ponents of the parts to be reused must be taken apart completely and thoroughly dried, and that fasteners
(bolts, pins, etc.) should be replaced. . :

The Rhapsodie experlmental reactor redeS1gned in Ja.nuary, 1971 for ratmgs from 24 (de51gn rat-
ing’s) to 40 MW, has been operatéd successfully. The reactor operates ‘stably on power, and responds
readily to control

The operation of sodium systems does not present any difficulties. Slight adjustments are needed
with the rotation of plugs (reactor refueling:systems). -Sodium vaper condensed in the clearance between
the fixed and moving parts, hindering the rotation of the plugs. Blowing the clearance with helium made it
possible to smooth out the temperature field in the clearance and to increase the pressure there, effec- -
t1vely eliminating any precipitation of sodium vapor in the clearance,

Assembly work on the Phoenix fast reactor [~250 MW (e)] was completed in late 1972, and work
started on adjustment operations. In late 1972 and early 1973 the reactor was filled with sodium (800 tons);
because of the heat given off by the pumps, the temperature in the primary loop was raised from 200 to
350°C in March, 1973. Loading of fuel assembles and rise to criticality are scheduled for June, and the
reactor is scheduled to go on power in the third quarter of 1973. The results of investigations that have
already been completed are of interest, Vibration tests on the primary loop were carried out with the aid
of 60 vibration pickups, 40 of which were mounted on equipment located within the reactor pressure vessel,
There was virtually no vibration of the components, because of the low flow velocity of the sodium stream.
A major mishap occurred in the startup and adjustment phase of the work when ~30 liters of oil from fans
of the primary loop gas heating system got into the reactor, and a delay in the work resulted. The reactor
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[ .
was cooled down, some of the components were disassembled, and repair crews were allowed into the re-
actor when conditions permitted. It was assumed that ~5 11ters of oil remained within the reactor after the
cleanup operation. It was then seen to be necessary to provide for access to all of the cavities and com-
ponents within the reactor pressure vessel and also to prov1de for the pourmg off of sodium and the cooling
“of the pressure tank,

The large complex of experimental research projects undertaken to substantiate the design work is
* noteworthy; the coolant velocity distribution was measured on scaled-up models (scales 1/4 to 1/25) at all
important points in the interior of the pressure vessel, including the distribution due to natural convection;
the coolant flow-rate distribution when the primary loop operates symmetrically (balanced) or asymmetri-
cally (with part of the loop equipment shut off) was also investigated and measured; surges in the coolant
stream flow and vibrations caused by the surges were studied; damage resulting in core melt-down as the
result of an explosion was simulated on a 1/25 scale model of the reactor pressure vessel.

Work on the design of a fast sodium-cooled reactor with electrical output ratings of 1200 MW (the
Superphoenix) has been pursued on a large scale. The power ratings were arrived at on the basis of opera-
ting experience with the power station built around the Phoenix reactor and also on the basis of power
equipment manufactured by industry for commercial sales (turbogenerator sets with ratings of 600 MW
per unit), As in the case of the Phoenix reactor and its power plant, a monolithic format was decided upon
for the pnma.ry loop. There were some slight differences in design. For instance, the flat cooled top cover
was replaced by a top load-bearing cover plate on which all of the primary-loop equipment was mounted in
a fixed position. In that respect the Superphoenix reactor is reminiscent of the British PFR reactor proto-
type. Four fuel filaments are employed in order to achieve thermal and hydraulic symmetry — two for
each turbine.

" Close attention is being given to the design of reliable equipment for a once-through-type drumless
steam generator. Despite the general, factually sketchy stage of development which the nuclear power -~
plant as a whole has reached, fabrication of scaled-up metal models of steam generators (thermal power
ratings of the models 40 to 60 MW) is already underway. At the same time, the possibility of utilizing
two basically different designs of steam generators is being examined: one would be a pressure-vessel
type (one steam generator per heat-removing loop) and the other- a modular type (several, say eight to 12,
steam generators per subloop). The feasibility of building steam generators with spiral welded tubes, one
of which would accommodate preheating, evaporative, and steam superheat intervals, and also with
strajght tubes, when the intervals in question are to be accommodated in separate vessels, is also under
study.

All of the reports will be included in the proceedings of the colloqmum to be pubhshed by NIEAR.

At the concluding session, the leader of the Soviet delegahon N. M. Sinev pointed out that the bi-
lateral meeting of French and Soviet specialists had been a fruitful one, and that such meetings are to be
welcomed in the future. : :
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JIAEA INTERNATIONAL SYMPOSIUM ON THE APPLICATIONS
OF NUCLEAR DATA IN SCIENCE AND TECHNOLOGY

G. B. Yan'kov

An TAEA symposium devoted to the applications of nuclear data in science and technology was held on
March 12-16, 1973, in Paris. This was the first organized meeting of those making use of, estimating,
and measuring all nuclear data, whether neutron or nonneutron. The basic problem on the agenda of the
symposium was the elucidation and discussion of nuclear data needs.” These needs were discussed not only
in the traditional area of fission chain reactors, but also within the framework of systems of safeguards,
investigations of nuclear fusion and thermonuclear reactors, -accelerators, activation analysis, experi-
ments in outer space, blology and medicine, the use of radioisotopes in chem1stry, etc The interactions
between the users and producers of nuclear data also came under discussion.

The symposium was attended by over 200 representatives of various countries and international
agencies, and about 80 reports were presented

The papers submitted showed that in addition to neutron data a generous quantity of nuclear spectro-
scopy information of a nonneutron nature is required for applied purposes. This refers primarily to in~
formation on the y-ray spectra and structure of nuclei, nuclear data on fission fragments, cross sections
of reactions involving charged particles, decay parameters of nuclei, and so forth,

Seven sessions out of 16 were devoted to discussions of the nuclear data used in the discussion,
planning, investigations, monitoring, and operation of various types of reactor systems, especially fast
reactors and thermal reactors, and also for models of thermonuclear reactors, and design plans for nu-
clear power facilities burning 2¥ Py and a plasma uranium reactor. Nuclear data requirements for existing
systems and for systems being set up were discussed from the point of view of calculating the basic reac-
tor parameters to a high degree of accuracy, monitoring the fuel content in fuel elements and in wastes in
order to determine radiation damage and to dispose of radioactive wastes by burial, and also in order to
estimate the feasibility and viability of competing design proposals. Two of the sessions were opened by
Soviet papers which analyzed the effect of errors in nuclear data on the fuel breeding ratio in fast reactors
and in thermonuclear reactors, and provided recommendations for ascertaining nuclear data. Some of the
reports emphasized the major role played by integral experiments in the physics of fast reactors and
thermal reactors, and in refining nuclear data, The comparative analysis of files of estimated data avail~
aple in libraries and of different computational techniques was also carried out; in particular, it was shown
‘that discrepancies in the Keff values for a specific model of a fast reactor attained the level of 5%, when
files from the ENDF/ BIII library and KEDAK files were used. Close attention was also given to nuclear
data on fission fragments; but, as previously, data on the capture cross section and inelastic scattering
cross section of neutrons interacting with fission fragments are scarce.

The use of radioisotopes in medicine and in biology sometimes calls for nuclear structural informa-
tion of high accuracy, as well as data on short-lived isotopes for the analysis of living specimens. It has
_been shown, specifically, that the accuracy of the information available on energy losses along the track of
a fast particle (particularly multiply charged ions and negative 7 -mesons) is not sufficient to permit a
tumor in a living organism to be reliably dealt with. The preparation of specially pure 2®pu for use in a
living organism ‘was also among the problems discussed.

The nuclear data utilized in the interpretation of the chemical processes of hot atoms are very un-
usual. Here we refer specifically to the characteristics of the v -radiation emitted by nuclides with life-
times longer than 10-15 see, electron—neutrino angular correlation in 8 decay, etc.
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TABLE 1. Areas of Application of Nuclear Data and Demands for Nuclear Data

Area of N ‘ LP?velofacquamtance.
application Use in this area Basic needs with nuclear physics. .
: : required of user

Electric power  |Fission reactors(design, radioactive | Neutron data, fission data, dataon |High
wastes, control, environment, radioactive decay and on the
. fuel-elementmonitoring’ includ-| structure of the nucleus

ing a system of safeguards)

’

Radioisotope batteries Dataon radicactive decay Low
Controlled thermonuclear fusion; ~ |'Reactions involving. charged High
. . . . : - particles and neutrons
Biology and Diagnostic studies ‘ Data on radioactive decay (some Medium to low
medicine ’ . data on reactions) :
Therapy, research Data on radioactive decay;reac- | Medium to high

- tions involving charged particles
(protons, T-mesons, heavy ions)

Agriculture Preservation of foodstuffs, genetic |Data on radioactive decay ‘Low
studies, plant studies . .
Geology, ar-  |Activation analysis Data on radioactive decay, neutron{ Medium to low
cheology,. lensics o capture, x-ray luminescence using
forensics _ charged particles and v -photons
Industry Leak detection; thickness and density] Various of the types of data Medium to low:
gages; different modes of mon- mentioned above, depending on

itoring; fire~alarm anddetection | the specific applications
devices; filters; processing of -

materials;-semiconductor devices;
analysis of materials; radiography :

Physical sciences {Nuclear physics; astrophysics; solid- - High to low,depend-
state physics;chemistry ing on specific.

fedtures of the
area of application

It is interesting to note that numerous specific requirements imposed on nuclear data have arisen

" in the design of instruments intended for the study of the properties of planetary surfaces and atmospheres,

and in the design of high-precision high-energy accelerators (the TRIUMPH machine in Canada; meson-
factory-type neutron sources in the USA), - C

Various techniques of activation analysis and their related nuclear data needs, not only as regards
thermal neutrons and epithermal neutrons, but also where the participation of charged particles and vy -
photons is involved, were discussed in detail. A discussion of the errors in the utilization of absolute
methods revealed that the greatest contribution to error in the analysis is by the uncertainty that exists
in the nuclear data. For example, the error in half-lives, decay schemes, and activation cross sections
in the determination of the composition of matter leads to errors of 2-10%, 2-50%, and 5-30%, respec-
tively. The process of automatic extraction from the complex v -ray spectra of data on the content of jso-
topes in the samples studied requires nuclear data of high quality, This is a result of the high sensitivity
to uncertainties in the decay schemes. There was also a discussion of the use of nuciear data for more
specific problems: analysis of certain elements, the determination of the depth at which impurities are

‘ lodged, neutron metrology, the design of instruments for the vprOSpecting and mining of minerals, etc.

The range of application of nuclear data and requirements for nuclear data are presented in géneral
outline in Table 1 (based on data compiled by D. Horen and A. Weinberg, USA). Note that several fields,
for example, agriculture, archeology, and forensics, were not discussed at the symposium.

The interaction between the users and producers of nuclear data is also of great importance. The
basic link in this interaction, of course,as far as neutron data are concerned, is formed by the nuclear
data centers (for example, the Nuclear Data Center at the Power Physics Institute in Obninsk, USSR),
Wwhich have the responsibility not only of responding to inquiries and requests, but also of collecting,
systematizing, processing, and storing neutron data, and organizing the evaluation and exchange of neu~
tron data. Theexperience accumulated at the Brookhaven center (USA) was discussed at the symposium,
Three reports dealing with nonneutron data centers were presented at the symposium: one on the Oak
Ridge data center in the USA, the others on two data centers in the USSR (the data center of the L. V.
Kurchatov Institute of Atomic Energy and the Leningrad Institute of Nuclear Physics) '

With the marked increase in the demand for nuclear data in applied areas, the Advisory Committee
on Neutron Cross Sections in the USA was expanded and transformed into the US Nuclear Data Committee;
a special report was presented on these changes. '
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The past decade has been characterized by a pronounced increase in the volume of experimental in-
formation, Under these conditions, it is not possible to overestimate the significance of the work of com-
piling reviews and critical surveys. Such reviews and surveys not only satisfy the demand for informa-
tion, but also permit experimental physicists to concentrate their efforts in areas where data are still
lacking, or in areas where wide discrepancies in the data are evident. A. Weinberg (USA), in his in- - .
troductory report discussing criteria for selecting topics where compilations are high in priority, ad-
vanced an estimate indicating that the cost of one item of numerical data in such compilations is less than
1% the cost of one item of numerical data in experimental research, The selection of topics and areds for
compilations and reviews is also of the utmost importance, in view of the limited possibilities and re--
sources available. Here national and international nuclear data committees can render valuable assistance
in selecting and developing priority hierarchies and organizing and expediting inquiries.

Compllatlons of large volumes of data were taken up ih some reports, such as: "Data compilation
on y-rays accompanying neutron capture" (G. Bartholomew, Canada), "Intensities of electromagnetlc tran-
sitions in nuclides A > 40" (F. Bertrand et al., France), "Data file on various y -emitters" (F. Dier and L.

. Boyt, USA), "Catalog of y-ray spectra, data reference for users" R. Heath, Usa). '

Compilations oriented to applications included excitation functions for reactions involving charged
particles (M. Miinsel et al., West Germany; published in 1973), an estimate of parameters of decay .

- schemes (B. Greenberg team, in France, Netherlands, and 'Belgiu'm),' a compilation of nuclear data for

use in medicine and biology (L. Dilman et al.,, USA), and work on the computer compilation of nuclear data
in the form of tables of nuclides (C. Lederer and Y. Hollander, USA).

At the last session, following a concluding report by Lewis (Canada), there was a brief discussion on
the future of nuclear data. A remarkable increase in the demand for nuclear data was acknowledged, as
well as difficulties accompanying processing and systematization of a large volume of experimental in-
formation; confidence was expressed that these problems can be resolved successfully on the basis of in-
ternational cooperation,

The excellent work done in-organizing and running the conference deserves special mention. The
obligatory procedure for duplicating the texts of reports enabled each participant of the symposium to ob-
tain the full set of submitted papers prior to publication of the symposium proceedings. These sets of
publications have been made available at our three centers (at Obninsk, Mosaow, and Gatchina). IAEA
expects to publish the symposium proceedings in 1973.
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THE INTERNATIONAL CONFERENCE ON PHOTONUCLEAR
REACTIONS AND APPLICATIONS

B. S. Dolbilkin, P. V. Sorokin,
and B. A, Tulupov

) The International Conference on Photonuclear Reactions and Applications was held in the United

States (Asilomar, California) on March 26-30, 1973. Its purpose was to discuss a wide range of important
" problems in this area of nuclear physics, to establish their relation to other trends in the physics of the
nucleus, and to determine the directions to be followed in future investigations. An important place in the
program of the Conference was occupied by the applications of photonuclear reactions in various fields of
science and technology and to questions involved in the development of new types of expemmental equlp—
ment, :

Participants in the Conference included 408 pérsons from 24 countries. A total of 73 survey reports
and 195 original communications were presented. :

Many of the reports were devoted to research on the electromagnetic interactions of nuclei at low
energies. Considerable attention was also devoted to the study of nuclear structure by means. of high-energy
photons and electrons, A number of ‘meetings was. devoted to studies on the status of experimental meth-
ods and problems of improving electron accelerators and the possibilities of using photonuclear reactions
in medicine (for the treatment of cancer), solid-state physics, chemistry, the food industry, etc How-
ever, no specific details on such applications were reported at the conference.

In the physics of low-energy photonuclear reactions the greatest attention was given to studies on
giant resonances using quasimonochromatic photons, the study of the intermediate structure in photo-
absorption cross sections, the disintegrations. of excited states along various channels, and isospin effects.
Such investigations, which make it possible to obtain more complete and valuable information on the struc-
ture of the nucleus, became possible as a result of substantial improvements in experimental methodology.

In the intermediate energy range the most interesting studies were those on deep-lying nuclear shells,
the distributions of electrical and magnetic charges in nuclei, and the transition densities of charges,

The information presented included interesting data characterizing the level and rates of expansion of
photonuclear-reaction physics. Throughout the world, about 120 papers are published on this subject each
year; this number has remained approximately the same for the last 10 years. The USSR publishes about
30 papers a year,

D1scussmns of the experimental methods used in the study of new scientific and apphcatlons prob-
lems emphasized repeatedly the need for improving present-day accelerators and constructing new ones,
with a view to increasing the duty cycle and improving the energy resolution, The most promising dlrec—
tions from this point of view seem to be the use of accelerating structures with a standing wave, rings of
beam accumulators and stretchers, techniques for beam recirculation, and superconductive linear ac-
celerators. The use of accelerators of new types-together with improvements in the parameters of analyz-
ing systems, the use of modern high-resolution detectors, and the automation of the processing of experi-
mental data would make it possible to investigate new fields in the physics of photonuclear reactions,

Translated from Atomnaya Energiya, Vol. 35, No. 2, p. 145, August, 1973.
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THE EIGHTH SESSION OF THE INTERNATIONAL

LIAISON GROUP ON THE 'THERMIONI_C'METHO.D
OF ELECTRIC POWER GENERATION

D. V. Karetnikov

The eighth session of the liaison group on thermionic conversion (TC) met in Vienna on March 22,
1973. Reports were heard from representatives of member-nations of the liaison group on the work done
on TC during the time elapsed since the third international conference (Julich, 1972).

' Considerable success has been achieved in the development of work on TC in the USSR. Tests have
been carried out on the Topaz-3 thermionic reactor with the aim of achieving longer operating times and
higher efficiency than those achieved earlier with the Topaz-1 and Topaz~2 thermionic reactors. The new
reactor has been in service for about 3000 h at an electric power output level of 5 to 7 kW and an efficiency
30% higher than in the earlier reactors. In addition to tests run on the reactor as a whole, in order to de-
velop the design of the electric-power-generating channels (EPGC) three tests for protracted service life
were carried out on isolated five-element EPGC. One of them had worked for over 3000 h at an average
power output level of 1.7 W/ cm? by the beginning of March. A six-element EPGC with an enhanced power
output rating and with an emitter made of tungsten—rhenium alloy and a collector made of niobium was also

_ tested. The tests lasted 2670 h with an average power output level of 7 W/ cm? at the outset of the tests,

New results were obtained on the physics of direct conversion, specifically in 1nvest1gat10ns of the non-
steady -state properties of cesium plasma,

Developmental work on an experimental prototype of a 20 kW (e) submarine reactor is continuing in
France. Very serious attention is being given to radiation safety problems and to the problem of the com-
patibility of the reactor with the marine environment and with the underwater biosphere, Intermediate
stages of this project will include two group reactor tests on systems of three-element EPGC with a total
electric power rating of 10 kW for each system. The fabrication of EPGC for the first experiment has been
begun, Reactor tests on an emitter with cermet nuclear fuel (60% uranium dioxide and 40% molybdenum)
have demonstrated the excellent geometrical stability of the emitter in service for 3600 h at twice the rated
heat-output. In the field of fundamental research, the major interest centers on comparative measure-

‘ments of the work function of metal —oxygen— alkah metal systems, with a simultaneous analysis according

to the shift of the Auger peaks of the formation of chemical compounds, where this occurs. The following
results have been obtained for the minimum work function, eV:

Alkali metal Pure metal . the presence

of oxygen
Cesium * 1.6 0.9 ‘
Strontium ‘2.4 1.7-1.8 .
Barium . 2.1 1.2

These results (obtained by utilizing the latest achievements of high-temperature ultrahigh-vacuum

" technology) are of unquestioned interest and can serve as a basis for the development of low-temperature

TC in which the emitter temperature will not be greater than, say, 1200°C, while the collector tempera-
ture will correspond to the minimum work function. This approach is currently under analysis also in
West Germany, where a portable thermionic power facility for nonspace applications is being developed

Translated from Atomnaya Energiya, Vol. 35, No. 2, pp. 145-146, August, 1973.
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for an output rating of 1-2 kW (work in West Germany on the design of a thermionic reactor for space ap-
plications has been halted for the time being because of difficulties in justifying the project). Such facili-
ties, using liquefied gases for example, may find wide applications under field conditions, Preliminary re-
sults obtained using a cermet emitter (tungsten and uranium dioxide) and a collector made from a mixture '
of barium tungstenate and calcium tungstenate appear quite promising.

'The international liaison group on TC has been operating for five years now. In the discussion of the
Teport on its activities, it was pointed out that the liaison group is making an active contribution to the
establishment of contacts and the exchange of information on TC between specialists of different countries.
International conferences on TC were successfully prepared and held in 1968 and in 1972. Improvements in
mutual understanding between specialists have been facilitated by work of major scientific value onthe com-
pilation of a glossary, now to be published in Russian. The liaison group considers that the development of
~ the thermionic method of power conversion has now attained a level at which the basic parameters of the
converters (power output, service life, efficiency) can be approximately doubled within the next five years.
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US NATIONAL CONFERENCE ON ENGINEERING PROBLEMS
OF CHARGED-PARTICLE ACCELERATORS ' '

V. P. Sarantsev and I. N, Semenyushkin

The US national conference on charged—particle accelerators was one of the most representative
conferences of its kind, and perhaps the only conference to encompass all types of accelerators. The con-
ference was held in San Francisco on March 5-7, 1973 Over 600 Spec1al1sts participated in the delibera-
tions.

The morning session of March 5 and the evening session of March 7 were plenary sessions. They
were scheduled to include reports on the design of new accelerator complexes, the PEP, the Isabella,
and the 300-GeV CERN accelerator, and also on some possible applications of accelerators in radiotherapy
and in technology. Of greatest interest was a report on a proton—electron—positron accelerator —storage
complex (the PEP). This facility is designed to produce beams of 15-GeV electrons and ~150-GeV protons,
Provision is made in it for the collision of these electron and proton beams at very high luminosity (~10%2
cm-2. sec-).

The remaining time was scheduled for three parallel panels on various accelerator topics. There
were 12 such panel sessions in all: on s'uperconducting resonator cavities, heavy-ion accelerators, im-
provements in existing accelerators, collective accelerators and high-current electron beams, injection
.and power supplies, beam transport and beam extraction, control and monitoring systems, supercon-
ducting magnets, storage rings, dynamics, linear accelerators, and applications of accelerators.

The extensive work being undertaken on existing accelerators to step up the intensity of the acceler-
ated beam must be mentioned. The principal directions in this work are the replacement of existing in-
jectors with high-energy high-intensity injectors, or the use of booster accelerators featuring high re-
producibility of the acceleration cycle. These changes in injection Systems will make it possible, over the
coming years, to convert basic accelerators to intensities of 1018 particles per cycle, Capture conditions
will also be improved in the largest (400-GeV) accelerator built near Chicago.

-There was a separate report on the Berkeley 6-GeV accelerator. This accelerator is also being
proposed for future use in the accleration of heavy ions. The injector will be a Superhilac heavy-ion
linear accelerator. The accelerated ions are to be used in nuclear physics research, radiobiological re-
search, and for various other purposes (such as calibration of nuclear instrumentation for art1f101al satel-
lites). ‘

A major result reported at the conference is a hew technology for fabricating superconducting reso-
nators. At the present time, record results have been achieved in work with these resonators: @ factor
101, field 1nten81ty 300 kV/ cm; these resonators are not subject to deterioration in vacuum. Thus it is
currently possible to use superconducting resonators widely in accelerator technology. There already exist
about 15 designs of different electron, proton, and heavy-ion accelerators utilizing superconductivity.’

The most interesting reports on storage rings dealt with the CERN proton—proton colliding-beam
facilities, where the limiting design parameters (proton current in storage ring 12 A) have been achieved
in practice, and also the Stanford electron—positron colliding- beam machine (luminosity 10% em=2-sec™!
for colliding electron beams). :

In recent years great progress has been made in particle-beam diagnostic systems for accélerators,
and also in the computerization of accelerator control and monitoring functions, All recent accelerators
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built in the USA are equipped with semiautomatic control systems making use of standard electronic equip-
ment and computers.

Reports on new high-precision electron-beam facilities were made for the first time in such a broad
conference, An account was given of the performance of the Aurora and Hydra facilities. The Aurora
yields an electron beam with electron energies of 15 MeV' and pulse current 1.6-10° A. The Hydra has
lower parameters. These machines are apparently being used only for applied purposes as sources of
very-high-power y-radiation. There is a program for the use of these machines to achieve controlled
thermonuclear reactions. ’ -

Developmental work on pulsed superconducting magnets for storage-ring accelerators in the ultra-
high-energy range, and for dc superconducting magnets in particle-beam transport applications occupies
a major place in accelerator development and research plans in the USA, Investigations are also in pro- -
gress on the possibility of building NbTi-based magnets with fast (5-10 sec) and slow (30 sec or longer)
field growth to 40-50 kG, It is expected that in 1973 the reproducibility of the field characteristics of two -
identical magnets will be established. This will inevitably determine to a considerable extent the program
for the future utilization of pulsed superconducting magnets, :

Close attention is being given to applications of accelerators in medicine, particularly in cancer '
treatment, At the present time, facilities useful for the precise localization of tumors are being designed;
undoubtedly, this will lead to the more effective utilization of accelerators in the treatment of internal
malignancies, ' ' ' ' ' " )
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IN THE INSTITUTES AND LABORATORIES

EXPERIMENTAL NUCLEAR-PHYSICS RESEARCH FACILITIES
IN THE SCIENTI_FIC-RESEARCH INSTITUTE OF NUCLEAR
PHYSICS, ELECTRONICS, AND AUTOMATIC CONTROL AT
TOMSK POLYTECHNIC INSTITUTE

A. N, Didenko

Research in nuclear physics and the physics of elementary particles at Tomsk Polytechnic Institute
(TPI) began in 1947, when one of the first betatrons in the Soviet Union was commissioned and put into
service there. In 1958, the Scientific-Research Institute of Nuclear Physics, Electronics, and Automatic
Control at Tomsk Polytechnic Institute (NII vaFEA TPI) was established. At the present time, this in-
stitute has 4-6 MeV miniature betratrons, 25 MeV high-current betatrons, a 6 MeV microtron and a 10
MeV microtron, 10 MeV and 30 MeV waveguide synchrotrons, a 1.5 GeV electron synchrotron, a cyclo-
tron with 120 cm polepiece diameter, a 2 MeV nanosecond accelerator,_an ESG-2.5 electrostatic genera-
tor, and the IRT nuclear reactor. These accelerators and other nuclear research facilities are used by
the staff of the scientific-research institutes and by the various departments of TPI in research on the
physics of elementary particles, nuclear physics, radioactivation analysis, radiation physics, radiation
chemistry, and nondestructive testing. Below, we cite the characteristics of the various facilities of this

type.

1.5 GeV Electron Synchrotron. In late 1957, TPI was entrusted with the task of developing, build-
ing, and putting into service the Sirius 1.5 GeV electron synchrotron. The basic work in the design, fabri-
cation, and starting of the accelerator was done ‘at NII YaFEA TPIL In early 1964, the accelerator was '
prepared for the comprehensive startup adjustment work. In January, 1965, the machine was put into oper-
ation under mild operating conditions, and in 1966 electrons were accelerated to 1.36 GeV at an intensity
of ~5-10° particlés/pulse. The accelerator (Fig. 1) is distinguished by the following special features which
are dictated, on the one hand, by the scientific problems for which the machine was designed and, on the
other hand, by the practical realization of the concepts entertained in the design and building of the syn-
chrotron: :

1. In weak focusing, the synchrotron provides high energy; this in addition to the long accelera-
tion cycle, makes it possible to investigate the effect of quantum fluctuations on the motion of
particles in cyclic accelerators. ’

2. The microtron was selected as the most suitable injector for the synchrotron. At present, an
electron energy of 6.4 MeV is obtained in this machine. -

3. It was decided to use injection on the curved portion of the path, It was shown that difficulties
associated with the passage of the beam through the stray magnetic field can be overcome; the
high voltage across the injector can be reduced by a factor of three in comparison with that neces-
sary in injection on the rectilinear portion of the path. This result will be decisive when the
injection energy is increased. In particular, the injection energy can be increased to 12-15 MeV
without bringing about any changes in the input device.

In 1966, the Sirius machine began to work in a physics research experiment. It was kept in opera-
tion for a period lasting over 15,000 h, Work on the modernization of the accelerator was carried out at the
same time, specifically on the RF system, the injector, and the power supply to the electromagnet. As a
result of that work, the intensity of particles in a pulse was increased to 2. 101, and the cycle repetition

Translated from Atomnaya Energiya, Vol. 35, Né. 2, pp. 147-151, August, 1973.
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TABLE 1, Technical Data on High-Current Induction Accelerators

Characteristics!
energy. |number |pulse bremsstrah-
of ac-  |ofelec- [cycle lung dose
Accelerator i icati celerated|trons ac- |repetition| s dimin
- type of construction range of applications repetitioni(at distance
electrons, celerated |frequen- ofdl'm.from
" lin one radiation
MeV o leydle |V B2 |source)
$BS-3-25 Stereo, twin-chamber | Pulsed x-ray diffraction 25 1012 0,25 —
BS-1-25. Single-chamber Radioactivation analys:s. 23 3.1011 50 1600
radiation chemistry, biology
SBS-4-25 Stereo, twin-chamber ' |Radiographic nondestructive 15 1011 20 400
' testing of outsize industrial
parts

Fig. 1. General view of the Sirius 1.5 GeV electron synchrotron.

frequency was increased from 1 Hz to 4 Hz. At the present time, work is underway on the creation of a
flat portion of the magnetic field and on the extraction of electrons from the synchrotron.

One of the first experiments performed on the Sirius was an investigation of the effect of quantum
fluctuations on the motion of particles in cyclic accelerators. It was found that quantum fluctuations in ‘
synchrotron radiation cause the excitation of synchrotron and radial betatron oscillations, The "instan-
taneous" electron distribution was measured in both transverse and longitudinal directions, and an esti-
mate was made of the limiting energy beyond which quantum excitation requires an apprec1able increase in

the- W1dth of the vacuum chamber, :

Waveguide Synchrotrons. The purpose of the work w1th waveguide synchrotrons was to verify the
possibility of using bent; closed waveguides, either fitted with an iris or smooth, placed in the pole gap of
cyclic accelerators, as the accelerating system of a synchrotron. The electrodynamics of closed-loop
waveguide systems has been developed fairly thoroughly at the institute. Calculations revealed that wave-
guide systems are much more economical, in terms of the RF power required, than separate or coupled
resonator cavities, and that they make it possible to achieve large energy increments in a single revolu-
tion, while also compensating more simply for the effect of quantum fluctuations on particle motion.

A 10 MeV waveguide synchrotron having, as its accelerating system, a bent, closed waveguide with
an iris was fabricated and put into service in 1963, in order to test and confirm the fundamental theoreti-
cal points, whilst in 1965 a 10 MeV waveguide synchrotron having, as its accelerahng system, a smooth,
bent, closed waveguide was built and put into service,

Work has now begun on the construction of a 30 MeV waveguide synchrotron, In recent years, in
conjunction with the Radio-Engineering Institute of the Academy of Sciences of the USSR and the Erevan
Physics Institute, work has been undertaken to confirm the prospects for the application of waveguide ac~
celerating sections in the acceleration of protons and electrons to high energies.
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Fig. 2. View of the 25 MeV high-precision Fig. 3. Miniature portable PMB-6 beta-
betatron. tron.

Microtrons. The problem of the construction of microtrons arose in 1954 in connection with the
choice of an injector for the Sirius electron synchrotron. As a result of research and development work
done at the institute, microtrons with energies in the range 5-10 MeV and pulse currents on the last orbit
of up to 100 mA were built. The beam extraction ratio is 0.9 to 1.0; nonmonoenergeticity is not greater
than 0.6%. A 10-20 MeV microtron with a microwave oscillator rated at 10 MW output is being prepared.

Induction Accelerators. In the investigation of the physical processes in the acceleration of electrons
in betatrons, careful attention is being given to the construction of a theory to explain the mechanism of
injection. The capture of electrons in acceleration is considered as a process of collective interaction.

It has been shown that the principal factor affecting the capture process is the resonance attenuation of
oscillations on inhomogeneities in the azimuthal distribution of the space-charge concentration generated
by the beam of electrons emerging from the injector., A functional relationship between the intensity of the
betatron radiation and the injection current has been confirmed experimentally.

Close attention is also being given to the development of betatrons with high radiation intensity and
of minjature betatrons, Inrecent years, research and development work has been done on high-precision
betatrons with accelerated-electron energies from 10 to 25 MeV. Technical data on some high-precision
betatrons at TPI are listed in Table 1.

High-intensity beams of bremsstrahlung from high-precision betatrons used in nondestructive test—
ing applications have enabled investigators to inspect layers of steel 510 mm thick in 40 min, at 25 MeV
accelerated-electron energy. The excellent quality of the resulting x-ray plates is accounted for by the
small size of the focal spot (2 to 5 mm?),

For the stereoscopic inspection of parts and materials, a twin-chamber stereobetatron generating
two intersecting beams of bremsstrahlung has been developed. The large dose produced by the stereo-
betatron (much larger than that produced by a twin-beam single-chamber betatron) at a high bremsstrahlung
intensity in each beam greatly simplifies the irradiation technology and raises the productivity of inspec-
tion of large~size parts and materials, A high-precision 25 MeV betatron is shown in Fig. 2, The scien-
tific and engineering principles underlying the design and fabrication of portable 3-6 MeV miniature beta-
trons capable of competing successfully with radioactive sources of radiation have also been established,
These portable miniature betatrons are designed for the nondestructive testing of metallic and nonmetallic
industrial parts and weldings by transmission radiography, in the laboratory, in the production depart-
ment, and at the construction site. In addition, this type of accelerator can be used in training laboratories
and in scientific-research laboratories for work involving pulsed x-radiation. In Fig. 3 a PMB-6 port-
able miniature betatron is shown. This machine comes in three modules: a radiator, a power-supply
package, and a control panel. When in operation, the three modules are interconnected by flexible cabling.
The dimensions and weights of the modules are such as to allow them to be carried by hand to the object
to be inspected and facilitate inspection in areas that are not readily accessible in repair and maintenance
operations. . Below, we cite the basic characteristics of the PMB-6 betatron: ‘
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Fig. 4. General view of the
high-power 2 MeV nano-
second electron accelera-

tor.
Maximum energy of accelerated electrons, MeV. . ‘ 6
Permitted énergy adjustments (in 1 MeV steps),
MeV........oouu e e e PR 2-6
Guaranteed exposure dose rate at 1 m, mR/sec . . 5
. Power drain from a commercial 50 Hz, 220 V,
single-phase line, KW ... ............... 1.8
Length of continuous operatlon hevven .. 6
Weight of modules, kg:
radiator. .. ... et e e e e e 100
controlpanel ................ e e 15
power-supply package . ................ 65
Dimensions of facility, mm: v
radiator. . . . . .. ... . e e e e e 520 X 400 x 400
controlpanel ....................... 315 x 420 X 230
power-supply package .......... R 510 x 514-X 400

The PMB-6 betatron may be used to inspect steel parts up to 250 mm in thickness, or concrete
structures up to 800 mm thick. Power adjustments facilitate a high degree (1-2%) of ﬂaw d1scernab111ty
over a broad range of thicknesses inspected.

Small-batch production of PMB-6 betatrons has been organized at a factory in Tomsk for deliveries
of these machines to scientific-research institutes and industrial enterprises in the Soviet Union, and for
export to France, Finland, Czechoslovakia, Hungary, and elsewhere.

At the present time, an intensive search for new and improved models of miniature betatrons is in
progress. One pOSS1b1hty that is being studied is a betatron with three-dimensional variation of the con-
trol magnetic field, which permits a reduction in the weight of the electromagnet, improvement in the
heat conditions, and increase in the number of electrons accelerated. Research is continuing into the de-
sign of miniature converters based on thyristors: these would allow a considerable increase in the repeti-

‘tion frequency of the acceleration cycle, while at the same time 1ncreasmg the mean intensity of the beta-

tron radi atlon

High-voltage miniature injection systems are being developed, and research on enhancing the re-
liability and stability of operation of the betatron is in progress.

Research and Development Work on High-Power Nanosecond Accelerators. The development of the
technology of generating high voltages and of shaping high-voltage nanosecond pulses (300 to 500 kV; 3
107 to 1078 sec) and the development of vacuum electronics have provided the prerequisites for the con-

-struction of low-energy high-current nanosecond accelerators. The purpose of such accelerators is to

investigate the properties of powerful electron beams. An experimental accelerator built in 1969 has the
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TABLE 2. Control Range for the Energy 'following parameters: U =400 kV, I =5kA; 7 =3:1078
of the Accelerated Particles, MeV ) sec. This machine uses a plasma cathode based on the
' - Acceleration at {Accl."at . generation of plasma 'in the arcmg of a d1e1ectr1c in -
Statle t°f fundamental frequency ﬁg{-monie ‘ vacuo.
cyclotron )

- i : flot | He? Jomjonom A 2 MeV accelerator with current 30-60 kA and
priortoge- | 6,7 | 43,4 | 27 | — |—|—|— " pulse duration 50 nsec has now been built. This ac-.
cff’cl Btron celerator consists of a pulsed voltage generator based -
After redesign |4,5-10] 9—14,518—20{14—30| 21 [18 15 on an Arkad'ev—Marks circuit, a double pulse-shaping
of cyclotron : . circuit, a discharge gap switch, and an electron gun,

The voltage rating of the pulsed voltage generator with
charging at both énds is 2.2 MV, the shock capacitance 11,000 pF; the pulsed voltage generator uses IM
110/.0.022 capacitors and a modular assembly design in which ONSh-35-2000-type insulators are employed.

The diameter of the outer cylinder of the double pulse shaper is 1200 mm, the length 5 m, thevcharactelristic
impedance 25Q.. Transformer oilis used as aninsulator inthe double-pulse-shaper module, and the porcelain
~cover of a PTN-220T current tr ansformer with test voltage 1650 kV also serves as an insulator.

The cathode in the electron gun is a multiple-tip field-emission cathode. An extensive program of
research work on interactions between strong electron beams and plasma, the generation of microwave
oscﬂlatmns and the investigation of collective modes of acceleration of charged particles-has been pla.nned
for the accelerator A general view of the accelerator is shown in Fig. 4.

Cyclotron, In 1959, a cyclotron of pole gap 120 cm was put into service at the institute. Consider-
able work has been undertaken to improve many of the accelerator modules at this cyclotron facility while
it has been in service, with the object of improving the reliability and improving the parameters of the
beam of accelerated particles. As of 1971, deuterons have been accelerated to 13.6 MeV in this cyclotron,
a-particles have been accelerated to 27 MeV, and protons to 6.5 MeV. The parameters of the accelerated
beam of deuterons are as follows: maximum currenf 120 pyA, mean current 50 pA, ‘angular dispersion 1°.
The cyclotron is used in experimental work for more than 6000 h each year,

Work on converting cyclotrons to Hed acceleration and to acceleration modes with energy adjustment
was carried out in 1971 in response to the needs of experimental physicists. This necessitated a huge
volume of work in replacing some of the parts of the resonant system and of the RF generator, retuning
the frequency of the RF system from 9 MHz to 14 MHz, correcting the magnetic field in the 9-15 kOe
range, developing 2 stabilization system for the electromagnet supply currents and designing 2 gas-re-

cycling system.

Table 2 lists data on the range over which the energy of particles accelerated can be controlled.

The 2,5 MeV Electrostatic Generator. The 2.5 MeV electrostatic generator is capable of acceler--
ating either electrons or protons A beam of accelerated electrons can be extracted from 1rrad1atmg ob-
jects of any kind.

The accelerator control system allows continuous monitoring of the energy of accelerated particles
and the smooth variation of this energy from 0.8 MeV to 2.5 MeV, the measurement and variation of the
currents of extracted electrons, and the determination of the nonuniformity of the current with respect to .
area. A 5 mm diameter beam of particles at a current of 250 pA can be extracted from the machine,
Preparations are now underway for converting the accelerator to He® acceleration,

Nuclear Reactor. The IRT thermal-neutronresearchreactor built at the institute supports abroad range
of research projects dealing with solid-state radiation physics, radiobiology, activation analysis, and
radiation chemistry carried out by different institutions in Tomsk. At the present time the reactor is
operating at a level of 2.5 MW, It has 10 horizontal channels and 18 vertical channels, so it is possible
simultaneously for work to be carried out independently by different groups of experimental physicists
at each of the channels. Thermal neutrons in the nine horizontal channels are cut off by means of cadmium
filters. A three-crystal TK SN-400 neutron spectrometer was installed at one of the horizontal 100 mm
diameter channels, The other horizontal channel, of the same diameter, is equipped with a pneumatic
shuttle of diameter 16 mm and 40 mm. Reloading devices making it possible to load test specimens in the
channel while the reactor is on full power were installed at S1x horizontal channels 100 mm in diameter
and at one such channel 150 mm in diameter.
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The reactor features a radiation indium —gallium —tin loop const1tut1ng a source of Mpure" v -radia-
tion. Any desired form can be imparted to the loop irradiator according to the requirements of the ex-

periment. The peak activity attained in the loop amounts to 75 kg-equivalents Ra/MW (reactor power out-
put level).

The dose rate is determined by the size and shape of the irradiator. Consequently, in a cylindrical
hollow irradiator standing 400 mm, with an inner diameter of 80 mm and an outer diameter of 120 mm,
the dose rate at the geometric center is 1000 R/ sec- MW, and the nonuniformity of the dose field over the
internal channel of the irradiator does not exceed 15-20% on the average, while it'amounts to 5-7% in the
zohe adjacent to the geometric center extending to 10 cm on- both sides of the axis.

Large objects (up to 1 m across) can be irradiated e1ther in a special irradiator or in the external
field. The size of the working chamber where the irradiator is installed makes it possible to carry out
the irradiation of such objects. The energy of the - photons runs from 0.4 to 2.2 MeV. The effective
energy is not-greater than 1.3 to 1.5 MeV.

A hot chamber for work at activity levels up to 30 kg-equivalents raﬂium is included in the reactor.

1
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'BOOK REVIEWS

" N. G. Gusev,* L. R. Kimel",

V. P. Mashkovich, B. G. Pologikh,

and A, P.; Suvorov

PROTECTION AGAINST IONIZING RADIATIONS. VOL. I.
PHYSICAL PRINCIPLES OF THE PROTECTION AGAINST
IONIZING RADIATIONS '

Reviewed by S. G. Tsypin. -

This manual was written by qualified specialists in the field who have taken an active part in de-
veloping radiation-protection measures in our country. They are well acquainted with the theoretical and
practical achievements and problems in this field of applied nuclear physics, and have extensive ex-
perience in publishing scientific literature. All this contributes to the high qualities of this manual, which’
is the first of its kind in the Soviet or foreign literature. The second volume of the manual, Radiation
“Protection of Nuclear-Engineering Facilities, 1s scheduled for pubhcatlon by Atomizdat in 1973.

The publication of this manual must be considered timely, since the broad development of work on
nuclear power, on nuclear physics, and on the utilization of nuclear processes and radiation processes in
science and in industry, as envisaged in the resolutions of the Twenty-Fourth Congress of the Commumst
Party of the Soviet Union, is closely related to the problem of radiation protection.

In this book, which consists of eight chapters a]l the fundamental problems of the ‘protection a.gamst
ionizing radiations are considered. v . v -

. The first (and introductory) chapter deals with radioactivity units and units of ionizing radiations, as
well as basic concepts and terminology. It will be especially useful to those readers studying protection
against radiation who have no prior acquaintance with the contents of a course on radiation dosimetry. The
second chapter validates and calculates the limiting tolerance levels for ionizing radiations. Chapters three
to five cover the theoretical principles of radiation protection. These chapters discuss the basic elementary
events in the interaction between ionizing radiations and matter, the radiation-transportequation, numer-
ical methods, analytical methods, and semiempirical methods for radiation calculations, The sixth chapter
analyzes the radiation field of point sources and extended sources on the other side of shielding (no-shield-
ing is treated as a special case), taking into account the geometry of the problem and self-absorption.
Protection against y-photons and against neutrons is treated in the last two chapters, where a discussion
" of the physical laws of the propagation of radiation through a medium shares space with a discussion of
practical methods for calculating shielding and means of protection for the most important cases. Here ,
the albedo of radiations is considered together with the shape of the spectral and angular distributions of
radiation on the far side of sh1e1d1ng

We see then that the text of the-manual discusses all of the prmmpal divisions of the physical prin-
ciples of radiation protection knowledge of which is necessary for the solution of practical problems,

*Editor.
t Atomizdat, Moscow (1969).

/

Translated from Atomnaya Energiya, Vol. 35, No, 2, pp 151-152, August, 1973.
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In preparing the second edition of the' book, the authors should-take note of the following points: .

1. The theoretical fundamentals of radiation protection should be presented in a more readily ac-
cessible form, considering that the book serves as a training text; the Monte Carlo method Wthh
is used so extensively should be discussed in greater detail.

2. The second chapter should take into account the NRB-69 new norms and standards of rad1atxon
safety.

3. The section on radiation albedo. should be set aside as a separate chapter.

4. The book should be expanded to include sections on protection against ¢~ and B-radiations, and on
the radiation field at the earth-air interface.

5. The section dealing with buildup factors in heterogeneous media should be revised in the light of
new data in the literature.

The book is an excellent trajning text for students in engineering and physics departments and applied
physics departments of higher educatignal institutions. Experlence in working with the text has shown that
it is also useful to research and staff scientists, to graduate students engineers, designers, and other
workers concerned w1th protectlon and shielding when various sources of ionizing radiations are in use.

I._P, StakhanoV, ¥. P. Pashchenko,)
ey
A. 8. Stepanov, and Yu. K. Gus'kov __~/

. ) g ———
. PHYSICAL PRINCIPLES OF THERMIONIO
- ENERGY CONVERSION*

Reviewed by B. A. Ushakov

The demand for new eff101ent sources of electric power has stimulated the development of promising
techniques for the direct conversion of thermal energy to electrical energy, including the thermionic )
conversion method. This necessitated an exhaustive study of the physical processes at work in a therm- v
ionic converter. Numerous papers that have appeared in recent years both in the Soviet Union and else-
where attest to the great progress achieved in this field. It is how necessary to systematize and analyze
the results obtained and to formulate the problems that require further study.

The authors of this monograph have successfully undertaken such a task,

The monograph consists of eight chapters, in which the processes exertmg deC1S1ve influences on
the performance of thermionic converters are discussed in turn,

The first chapter deals with electrode phenomena. The structure of the electrode sheath, the vir-
tual cathode, the Schottky effect, and special features of the charged-particle distribution function are
discussed in detail, leading to the formulation of the boundary conditions necessary for the solution of the
-transport equation — one of the most complex and important problems in the theory of a confined non-
equilibrium low-temperature plasma,

The discussion of that problem is the principal part of the following chapters. The solution of the
problem makes it possible to ascertain the electrical characteristics of a thermionic converter which are
needed in practlce

The authors deduce transport equations for a three-component plasma in the presence of a magnetic
field, as well as expressmns for the kinetic coefficients. Detailed analytical calculatlons of the electrical

*Atomizdat, Moscow (1973).

788

Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7




Declassified and Approved For Release 2013/01/22 : CIA-RDP10-02196R000400020002-7 .

characteristics in the various possible operating modes of vthe thermionic converter permit the basic
features of those operating modes to be determined. The bulk ionization mode is that of greatest practical
interest. ' ’ : )

On the basis of a solution of the kinetic equation for fast free electrons and of a system of equations
for the occupation numbers of excited levels of the cesium atom, a discussion of nonequilibrium bulk ion-
ization is undertaken. ' ’

The influence of the Schottky effect and of the virtual cathode on the voltage —current characteristics
of the converter in the bulk ionization mode is analyzed, together with the conditions for the ignition and
quenching of a low-voltage discharge.

The expe_rimental characteristics of thermionic converters are dealt with in a separate chapter which
discusses in detail the experimental procedure, typical measuring arrangements and laboratory facilities,
and also experimental results for the various operating modes of the converters.
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